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I-'-ALIQARH.'il 
ABggRAflg 
p«a%toid«a «•«• %t«t«A i U l i l l f t <^  dilutAtt of fokaoM Mtala 
tljfiu (XMT) lAo<miiui« Laanatt mA Banlata ww faaad aaat 
pataat aatiilxal flbaaloalat xaduaiag tha iaXaatlTlly to 
3I*5S aad 9d«97 pax aant caapaatlvaljr. PaaUai&aa liJca 
Thiaatf 9iixaAaA» YitaTax, PlaatTax» Catadlaiaa H788 aad 
Ha<^lalda«^t waira alao affaatlTa ialiibltara bat ta a laaaa« 
axtaatf liiaxaaa tba ataamioala Uka Tajraaas» laaik aai 
laaafaa aajra nat affaatl^t* Oa tha atlMf haadt Oupaa't 1641 
«id Xk&pan*t 1410 aUailatad tha TixaX lafaatlTlty. 
7ha xaduatlaa la ttia Tljral iafaatlTlt/ «aa hlfiiaf 
with fftia laagax aaataat pairlada aX aalhoajX aad baaaayl 
(taaimlaal gsada) at hlghas taapasataxa l .a . 40^0. 
Aaaljrtlaal ultxaaaatjrlf^atlaa atudlaa ladieatad tha 
appaaxaaaa af a dlsax paak af 114Sf la banaajX ttaatad 
aaraplaa* liilah ladlaatad aggxagatlaa af Tldaaa, 8a dlaaf 
paak aaa aHaajnrad la tha aaaa aX aathMijl mA phaxata* thaugh 
Talaaa af Sadlaafttatida OaaXflaiaat wajra laaa thaa that 
af Uttttaatad aaatnla. 
Haatxaa aiajraaaapia axoolaatlaa af thaaa aaqplat 
ladlaatad teaakleg af njraa paxtlelaa lata naUax iuilta« 
fha paxaaataga 9t abaaxsalljr na l lac pajrtlalaa (20»C70 aa) 
balag f8«90 aad 48. S3 la tha aaaa af sathaa/I aid baaaajrl 
txaatad aaaplaa (ataxad at 35^0 fax 4 haata), xaapaatlraly 
s 
•ad 44.98 p«< otttt la iuiti««t«4 ooatxols. XafMtMtjr %—% 
of thtM trtat«d SMiplM iBdiaattA oefxaapoaAlaf lahitelttMi 
of iafootlTityr* Phexatt txtato4 aaq^loa ladioatad total 
aggjrogattoa of viiioaat whilo faxaAoa ladioatodl ao of foot aa 
tho aoxphoXoK/ of tftio paxtleloa* 
Pxo^laoealatloa foUac tjroataoato of tho Itoal loaLaa 
lioott 2» WigiaHtrtW' lahlHtod looal looloa fonatlOQ. 
Boalato «aa ttio aeot offootlTo iaiaMtox of Tlxas lafoetloa* 
Shlaot, faxadaa aad Iiaanato althoii<h iahlbitod tlio lafootioA* 
tet «0«0 lOBO offOOtlTO. 
Pco-iaoeulatloa ooll opplioatloa of Shlaot gxaattlta 
iahlbitod tho iaf ootioa to a gxoatox oxtoat tbaa tliat obooivod 
duo to Puradaa tfoataoat* 
Pxo oad poat*iaooulatloe foliaf tjroatoMato of tho 
iirotaiio hoot oaaohoapt (ilfitlllillUl iSAftti ^*) iadioatodf 
pfo-iaoealatloa ttoataoato to bo aojro offootiro ia doXariag 
tho j^r^ ptoa oiqpxoooloa* vbieh vao aailiWia la tho oaao of Boalato. 
Post-laoealatlea ooll applioatloao of 7hlJiot oloo 
oaaood aof0 dol^ la igraptoa oacpjrooaloa Ihaa pf o-laoouXatloa 
txoataoata. 
Sood ooakias ospoxlaoato ladioatod BoaXato» ao tho 
•oat offootlTo ohaaiooXv ooaaldofiag lahihltiea of lafootii lVt 
lew poxooatofo of iaf ootioa oad doXar i^ i^^Ptoa oaqpxooolea* 
Taradaat Shiaot oad Lanaato aoxo aloo foaad offootlTo* 
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taooiir«g«iMt Aiflai tho ooutao of tlioso ttedioo. X • • 
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faelUtioa offaxad hf Ox* Misa f« Qaak* Hoad of tha Tlxologjr 
fiapaxtaaatt X*p«o«» fagaoiagaa, Tha Hathaxlaadat fox 
aoadiiattiVS fav aipaxlaa&ta la hax dapaxtaaat. SxatafoX 
thaaJca axa aXao diia to sxa. H« Huttiaga* Maat, fataxxoiiat 
H« Vxaggialc fox thaix ooopaxatlaa* 
X aa gxataful to Mx« M.D, Mlahxa* Vixaa Patbologlat, 
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S/«t«ile pt0Ueid«s art the gxoap of eheaioftlt «bl^ 
mx9 rtftdll/ dittrlbattd nithla tbt plant «yatatt oaea takan 
up b/ the plantat eithex thiougli XeaYta or roote. The/ 
ramaia aotlTa for a leog duxatioa» protecting the whole 
plaat from the paste. Aoooxdlog to Metealf (1966) eueh 
ohemlaale haTO the ability to penatrate readily through roott 
leaf or atea; optlaoa water aelahillty to peralt eaooth 
aoTeraeat la the traaaplratloa atreem; auffloieat etabllitjr 
In the plaat ao that the eoapouad or Ite aetabollo produota 
a^ y exert deaired degree of peatloldal action* Beel4es 
eheaklag the aultlplioatioa and spread of peats* the syetealo 
pestleldea hare proved to be r^gy effeetlTO for the Indirect 
control of Tirua diaeases by eeatrelllng i te inaeet rectora. 
HoweTer» they conetltute an entirely tmexplored group of 
chealeala for their direct effect on the coueal pathogene 
eapeeially plant Tirueea. Considering that vlruaea are 
intracellular pathogene, eysteaically inTadlng the entire 
plant, a aystesdc pestloldal eheaiical aay proTC to be very 
effective in cheeking the aultiplioation of plant vlruees 
ifl JdjQt thereby controlling the Tirus diseaaea* In Tiaw 
of this a nuaber of systemic pestioides were studied &ring 
the present iarestlgationa for thair antlTlral and Tlrioidal 
propertiea aa also to inTcatigate their effect on the aymptom 
txpr««aioa of lobaooo oidaaio Titus di«*at«* 
Sh« •acli«f ataaio an mrctmie pasUeidts with 
x««p«et %o Tirua ilstaaas w«jr« aoatl/ eoaflaad to their 
iadixaet npplioatiea fox oliniaaUag tho ••etoxa in Ofopa 
lika potato and aogarbaat ate. Shaaka aad Chc^ oiae (1965) 
xapoxtad tbat applieation of phoxata* paxathioa'» diaulfotoa 
aad damatoa Icillad 90 pax oaat of MUBift paxaioaa> vitbia 
Si^ieo adautaa of faadiag* apto 2 houxa aftax theix 
applioatioa. Spxa/iag aagaxbaat oxop vita ajrataaie 
iaaaotioidaa ox uaiag thaa ia gxaataax foxa at tha baglaalag 
of aphid eoXoaiaatioat dala/a jrallova Tixua iatxoduatioa 
aad i ta aubaaquaat apxaad withia tha field, pxohabXjr baaauaa 
aphida axa pxevaatad raoTiag fxoai plaat to plaat aa fxaqueatl/ 
aa the/ do ia uatxaatad eropa (HuUa, 1958; Staadal aad 
Thielaaaaat 1962)• gaoxghioa f| ^« (1964) xepoxtad that 
out of tha aiyatasiie iaaaotioidaa teatad to xaduoe the q x^ead 
of euxljr top Tixua of augaxhaatf Thiaat (phoxata) gxaaulea 
^pliad to aoil, pxoTod to ha ^a beat, Sua to aoil txaatMeat, 
aa arexage of 9.97 pax oaat of iafaeted plaata vi%x9 xaooxdad 
aa oospaxad to 30.47 pax oeat ia uatxaatad ooatxola. HiXla 
JU j ^ . (1964) alao uaad phoxata fox aimilax trp* of otudiea 
aad fouad that phoxata plaead uadex eaataloupa eaed ox aixad 
with thaaa aaada, paxtiall/ pxaraatad oagad iafaotiya 
ttgW^itlff taaal^ lua fxoa traaaolttiag beat ouxly top Tixua 
to tha jrouag aaadliaga. Soil appXieatiea of ajrataaio 
iaaaetieidaa aueh aa diaulfotoa* diaethoata aad phoxata duxiag 
3 
plaatlag did not allow aphlds to ooloalso tho pl«Bt« tox 
ftbottt ttifot sonftlw and «tx« M offooUTt m» JSX In eontxeXUag 
%)!• Tlxtts spxaad (Biaxt JJLI JiL*» X960; 3jroadboat and Boct, 
1962). Slailarl/, aoil appUoaUoa of vjrataaie laaoetieldaa 
tiiottgii ooatxollad pexsiataat viruaaa Ilka potato laaf xoll» 
of tan gara poor eontJroX of potato flxoa *T* (Hojraaa, 1958; 
SUipaoAt 19dlt 1963f Ktttha* 1961} Bo«tt«iBlaoa» 1962; Poad, 
1964)• Mixula and Hath (1969) xapoitad that toj t«o aoll 
appUoatloaa (at plaatlag aad 6 vaolca latof) of phorato and 
diaulfoteat laoidaaeo of potato laaf roll Tirua «aa xaduead 
to oi l and that of potato Ylxua *¥* was to oaljr about oao-
foiurth of that of tha ooatrol potato plota. ^I th (1963) 
la How Zoalaad offoetlTol/ ooatfollod baxlojr->/«lloii dwajrf 
•IfttB la autoaa aad oacljr iilatef<»80«a whoat by ttalag oat 
of tha aevoral ocgaaophoaphojma aprajro at aay tl«a hotaooa 
lata alatof aad lata apxlag to k i l l tho Toeteit Hhopalaaiahaa 
MS^ *^ VX^ 'ik H ^ * (1970) aalag njratoale iaaootloidoa 
aa aood txoataoat of paddjr aad pxo*txaaaplaatlag aoadXlag 
aoak fouad that eaxbofUxaa 75^ ip eauaod lao pot oaat 
•ortal i t j of doo gxaaa laaf hoppax «fp||»lfl1pU n i f M t i t 
(iaplotio^B) wlthla 6«£4 hoaxa by ooad txaataoat. ?xo» 
txaaaplaat aoaklag la oaxbofoxaa alao oauaod 100 pax oaat 
Boxtalit/ «lthla 6*24 heaxa. Sladlaxly Halaguti aad Aaglaa 
(1957) w9f abXa to daoxoaaa Hoja Blaaea dlaaaao oa xioo 
fxoa 23 to 4 pax oaat Iqr apxaylag dBsatoa-0««athyl. 
da flttltax (1908) atoppod ipxaad of atxaabaxx/ Yixuaoa with 
dM«toiui«tbyI« DaTls t l ^ « (19«1} fouad that thrt« 
Pajtathloa spirctf^ a eoon after aaergeaoa daoxaaaa pea aaation 
aosalc Tlrus txom 54 to 9 per oeat« Saatrjr aad Slogh (1973) 
reported that four to alx foliar epriyre of Eicatox, Meta^yetoz, 
Bogor aad maeoroa one ax two graauXai eoll applieatloae of 
Thinet aad Si^/atoa, aot oaljr redueed the iftiite f l / (BtlU4t 
tabaei)poattlatioa hat aleo reduoed the iaeideaoe of yellow 
Toia moaaie virae of okra» 
Aphlda ae Teoter of the Tirueee aleo oauee eeoaoaie 
loaees ia vegetable orope other thaa potatoeot eugarbeet ete, 
and eystesiio ineeotioidea are alao of aueh help ia eaeh 
diaeaee ooadltioaa* I'^ uJc ^ j ;^ . (196S) eorkiag with beaa 
/e l loe Boeaio virue found that diaethoatet phorate aad 
diayatoa reduoed the eeooadar/ epread of bean jrelloe aoeeie 
Tirue bijr reduoing the populatioa of ephid Tootora. 
Siyateaio peetioidea have aleo beea tried not oalj oa 
Tirueee bat aleo oa diaeaaee eauoed by oyeoplaaaa. Paddiek 
Jtl AL« (1971) reported that e/eteaio orgaaophoaphorue and 
oxime oarbaaate iaaeetioidea Tis« phorate aad diaethoate, 
earbofuraa, beaoayl aad aethoayl reduoed the iaeideaoe of 
tobaeco yellow dwarf (ayooplaeaa) dieeaee ia field experiaeata 
aad the authere propoaed the hypetheaia that theee eheaieale 
aot direetly on the eaueal orgaaiaa* ia additioa to their 
ability to ki l l the Toetora. Reyohaudhuri j ^ j ^ . (1972) 
obeerved that by the eten appUeation of ayateoio fUagioide, 
B«alat«t plaatt iiif«ot«d with sanAal i^llct (a^09plMB«) 
distftM ihovad slight irsooTtc/, 
Itafing th9 psfstat txa of aodtra a«fiouItttir«» th« 
tt«« ot htrbieidta i s also Tsjey pspular• Saxlisx soxksjts hsTs 
studisd ths sffset of hoflKleiAss on Tirus iafoetsd plaats. 
iUlusax (1961) x«pexts4 that sost hsxbioidss oaa affost 
h s a l ^ and Tixus iafootod plaats diffsxsatl/* fox sxHiplt» 
aiaaUas iatonsiflss ths ohloxosis, stuatiag, lodgiag sad 
hasal stSB xot oaiassd ^ sugafoaas aosaiot hat doss aot affost 
hsaltbjT sugaroaao. UltjrohOTa aad Blattajr (1961) saggostod 
usiag Si«asiao spfor* •• & nothod of dstsetiag tohasoo 
Bosaio virus that Siaasias i s lothal to iafootod oaos o&ljr. 
Lioaasott jil jdk* (1944) ehsonrod that hojrbioldos saoh as 
MCPA aad 2»4-l> aajr iahihit vijrus aultiplioation aad sappcoss 
tho syaptoas. Singh (1969) fouad that 2,4,5-f dolajrs ths 
i^poaxaaoo of sjnaptoas of satsx asloa aosaie ia ouoaaboc fof 
aoxo thao thioo wooka. Sajrloi aad Mvuraat (1968) coportod that 
ehloxoxufoB applieatioa dolajrod iafootloa of stranhsxr/ 
plaats with faspbsxiy xiag ^ot aad toaato blaek ciag rirusos, 
and sigaifioaatl/ iaoxoasod tho sxop jiold, fho / iold in 
plots tssatsd with asaatioidos was s t i l l aojro, 
Sohustox (1965, 1966, 1968) studisd ths sffoot of 
diffoxoot ohoaioals spoolall/ Mio hoxhloldos oa tho Ylxus 
iofsotioa. Sohustox (1970) xoTlowod tho litoxatuxo sad 
his own woxk doaliag with ths iahihltion of plant Tixusss hy 
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tht plaat pzetMUoB oliMiioala (ptttloldM aad htfbield««)• 
Ht otetrvtd that a auabar of har1>leld«t Uka *liaBaaiI*t 
•Barbao* aad •Blallat' lahlbit tht mltlpUoaUaa of Tlruaaa 
attaeklag tobaoeo. In aona laataaoaa thaaa vlraaaa oould ao 
longor ba dataotad aarologioallj in lafaetad planta traatad 
aitli thaaa eliaadoala. Za othaca ttia vlrua ooaoeatcatloa «aa 
faduoad bj 30 to 70 pax eaat* Tha ajrvptoa daTalepaaat oauaad 
b/ potato Tifua X (P?X) and alao potato Tlxua 7 (PTY) aaxa 
attanuatad aad la aoaa eaaaa auppseaaad ooapXataljr i f tha 
planta aojra tfaatad with nalaio bydraaldOf tha axstasie 
fungiolda Titavax aa wall aa oblocoantran and dlallat. 
Sehaatar (197S} foiud that tha daralapaaat of i^ fBptoaa 
oauaad b/ ?rx aad PVY «aa daofoaaad aad aeaatljiaa eoaplatal/ 
auppraaaadt b^  tcaataiaat with aaXaio b/draalda (Malaid)* 
D&allata (A?adaz), Cbloxoxuxan (7aaoraa) aad e« 3«41h/dro-> 
d*oaxbox;/aallido«>d-ttatlgrl*l*l» 4-ozathila (YitaTax). Othar 
harbleidaa sueh aa Moaolinucoa (Acaala) aad Liaujroa (Afalon) 
iaexaaaad tha Tlxua ayarptoaa tiadar sraaahouaa ooaditloaa. 
Sohaatax (1973) rapojrtad that aeat of tha araa tjrpa 
haxbioldaa eauaa aofo daaa^a on Tlxua lafaotad plaata thaa 
on haaltbjr oaaa. Xxaataaata with ohlofoxaxon raaaXtad la 
mich Hi da dlffafoaoaa ia tha dagtaa of daaaga that aaloetiira 
daatxttotioa of plaata iafaetad with w, atxain of potato 
Yixua X' ooold bo poaaibla. Sohnatax (1971) xopoxtad that 
goxm-fxaa Uaauaa aapaxatod fxoai haalth/ aad rUix9 iafaetad 
potato tuboxa diad aftax txaatnaat with S*Zxiaaiaa eoapouada. 
Sh«jr did not show aajr sigBifioaiit diff«x«aot in thdf 
xvaotloa. Many uzea li«f)»iold«a art rapextad to jraduoa 
Iha -vlxua ooBaaatxatioat aotabljr la aaaaadarlljr iataetad 
Itavaa. ObYlaualjr thia la aat ao «iob ^ a to dlxaat tet 
iadiiaot iataxfacanaa of tha ahaalaala la tha Tlxua 
auXtlpIiaatioa prooaaaaa (Setmataxt 1973)• 
ftaaxa axa oaljr fa« iaataaoaa la tha Xltaxataxa lAaxa 
aaxliax woxkara haTa txlad tratanio ptatloldaa (otbax than 
haxbloidaa) to atud/ tbalx dlxaot cffaet oa tha Tlxal 
a. iafaetlon and aultipllaatloa. t taxa^a (1961) nhila aoxklng 
oa tha iahlhltioa of totoaaoe oaaalo Tlxua* xapoxtad that thxaa 
ayattalo laaeatleldaat dlmathlaata* a/atox aad OKPA WXB 
taatad fox lahlbltloo of 7XT laftatloa» hat thajr waxa aot 
affaetlTe aa lahlhltoxa. XlBathoata aad syratox atlaulatad 
ZM? lafaotlon. Latax Blaasoaaek aad fladoxoa (1969) while 
atud/lag tha lafluaaea of aotto iahibltoxa oa tha InfaetlTitjr 
of tohaeoo aoaalo vlxaat obaaxrad that laaaatioldaa uaad 
aa diluanta fox tha Tlxua laomiluai xaduoad iafaetlTlt/ oal/ 
allghtl/ , Kata«]ratox m>xflgrad oa tha taat plaata bafoxa 
laoeulatloBt deexaaaad tha auabax of looal laaieaa tyr 30 pax 
oaet. Whaa plaata «txa wataxad with Seta^jratox bafexa 
iaooalatloa, lahlbltioa of tha Tlxua waa upto 87 pax eaat. 
Tha Bazlaua affaat oecuxxad 6«>8 dara aftax applleatlon of ^ a 
laaaatioldaa. 
Xahlbitioa of a atxain of WT jjk •itJ^ and ^ VITO 
fa/ uaiag nyatanio iaaaotleidat 'Chiaatt aaa laTaatigatad bj 
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Slasl i l Ji* (1974). Xhtst prtXiJiinax/ stadits ladleaUd 
54 pt£ OMt lahlUUen of tiiT «lMa tht ehaaaoal was ustd 
aa a dlluant Xo£ tha Tlxua iaooulum* Pxa aad poat* 
laooulaUoa aoil appUoatloaa ahowad 76 to 9X p9X oaat 
labial tien oa loaal laalea aad igrataalo hoe to, fhaaa atudlaa 
waifaatad tur^mg laTaatlgatioa on a auabar of othar 
aifBllai ii/ataaie ohaaioala fox aotaaaiag aora affaotiTO 
Ylfloldaa« vhlah oould ba uaaful In tha thaxap/ of Tinaaaa. 
Baaldaa thla laYaatlgatloaa oa tha dataila of tha aoda of 
aotloa of thaaa ohaaioala oa tha iafaotlTlt/ aad aultiplioatioa 
of tMV, la looal laaioa and ayatamio hoata «aa eoaaldaxad 
daalxabla* Bffaet of ayataalo paatloldal ohaaioala oa tha 
alaa and attuotaxaa of Tljriona m^f alao atudiad, ualag tha 
taehniquaa of alaotroa aiofoaeop/ and anal/tloal ultxa 
oantxifugatlon. 
A a«« ttzaia of tobaeoo sosiiie rixus (?MV), oautlag 
botH l^p er89081 tlT« aad n/sttoile staotioas on 8uiiah«mp 
t Cfjcotalailft. i^^ aooa I*.) was uatd la %f pztaaat atudlts 
(Slaol jll Ak*f 1973). Zh8 otatart of Ylxua was aalatalaod 
00 suftohMp plaata thxoughout th* oocurs* of tho pxesoot 
8tudl98. 
FifPiiiUgfl g | jrftggmm 
For all th8 laeottlaUonot slaadazd astxaot was osod. 
I t vaa pxoparod fxoa tha jrouag ItaToa of oaaohMip (i|« ia&fifi) 
plaata showlag tfpleal igrAptoaa, Aftojr thoxotighl/ waahlog 
tbt lafaetad loaTos lo tap watoXf tiia axoosa of aolatiaxt waa 
xostOTod bjT pxaaolog ttiom toatnaoa two Im^fBiB of flltox 
papox. fhaat laorta waxt tbaa aaeaxatad la ataxlllsad 
p88tlo aod BoxtaXt adding t^ual iroluaa of dlntllltd «at«x 
(I mX/g of tba laaf mataxlal). 9it axuda Juloa thuo 
aztxaotad waa flltaxad ^xottgh deuHa iQjrex of ehaoaa elotli* 
Zlxlo flltaxad asp aaa oantxlfugod at 3000 xpa fox 30 alautos. 
fh9 light golden ooloarad oupexnatant was aapaxatad, 
Tf supaxaataot was dllutod to lilO»000 with dlatlllod watax 
fox all tho txpexloanto xalatod to jLS ^1**0 tasting of 
dlffsxant poatleldas. As oouatabls looal laslons waxo found 
to devalop on f^Bftpg<i4\|« MiaiMUOTlgJf ^o^* ^ ^•/a*t a« 
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a dllttUom of It 20,000, tiiis was th« fXaal dilutioa uaad la 
all tht taats wbasa tht iaoouliui was aizad with aqual •oluna 
of th« ohaaioal aoluUoa. I^r tha eoatmla It 10f000 
dilution of tha Tiros laoealua was alxad with aqual toluaa 
of dlstillad wataf. 
Young saadUnga of ^, aa^i^tioolor grown in 30 ea 
aarthaa pota undar Inaaotproof glaaahousa wara uaad for 
bioaaaiV/log, Plant a of tha aasa ago, halght and vigour wara 
aaleotad for 9r9xy aat of ascperlfflant. Top plgaantad laavaa 
and othar uawantad laavaa wara ollppad off alx hours prior 
to laoeulatlons, laaTlng 6*8 wall daralopad laaraa for 
bloaaaay* Aa ttia taat ohamloala wara all sTstaalo In aatura, 
whola laaTas m9X9 laooulatad and dlffaraat plants wara usad 
for dlffarant traataanta* 
IXirlag laooulatlona, tba laaf waa eupportad b/ a 
plaoa of atarlllsad cardboard. Abaorbant eotton waa dlppad 
In tha Inooultta and appllad on tha full laaf hy 4 gantla 
atrokaa froa tha baoa to tha apas of tha laaraa. Saparata 
plant of tha aasia halght, aga and vigour waa Inooulatad with 
tha ra^aotlTa eoatrela. Eaoh traataant waa rapUoatad at 
laast 3 or 4 tlaaa. Looal laaloa oounta wara takan 3<^ daya 
aftar tha Inooulatlona, and tha data for tha IndlTidual laaf 
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was jTMoxdtd atpaxAUljr. Xar«o«iTlt//iaf«oUoii* M p«x 
100 laaloas of eonttol ««• eslouIfttoA &eoex(Un« to tht 
jfolXovlag foJMttlo 
T « -Jt. X 100 
" ^ 
whtfo a • Iioool looloaB la txoataoat 
b m Looal looloat la ooattol 
X « Pox ooat lafootivltjr or lafooUvlV ^ P*' ^^ 
loaloaa of ooatxol 
Itio plaato of ottanhonp (jg* ittftStt ^«) troaoplaatod 
ladlTldually la 10 OM* plaatlo polOt aadox laaoot-pvoof 
Slaoohoaoo ooa^tloaot of tko aaao litlfht« ttft oad Tlgoiir 
vojro oolootod fee laoealatloa* At Xoaat 5 plaata vofo uood 
pox tfoatiMnt fox tootlag tho offleaejr of tlio ohonloals as 
affootlag tho iafootloa aad ajraptoa oscpxossloa of fMT oa tlio 
origlaal host of tho Tlxas. ?ox tho laooulatloa of suaahoi^ 
Is 10 dllutloa of tho Tlxal laooulua was assd. Aftox 7*9 
days of iaooMlatloa zoooxdiog of sarstOAle syaptoas was mads 
bosldss bloassarias ths iafootlrlt / of tho sfstsaioall/ 
lafootod loaTOs* 
^stoaio postieldoo (lasoetloldos, aoaatloldos aad 
fttagleldos) aad s/stsale hoxhloldos arallabls la dlffoxoat 
mmmm^mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmtm^mammmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm ii iw 
*XafoetlTlty was xofoxxod «hoa tho tost ohomloals «oxo alxod 
with tho laooaXoa hofoxo laooulatloa whoxoas Iafootloa was 
xofoxxod fox tho txoataoats whsxola tho ehoaiosi was appUsd 
to tho loaTos bofoxo ox aftox tho laooulatloa. 
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fomttlftttofui TlB. MalQlflftblt ooao«iitr«t«» utttabXt poii4«St 
£xanttl«8 wid thM ptut t«etuilo«l gtad* Kftt«rl«I «•«• at«4l fof 
theM studit*. ?of XA Xlllft ttttdles oaleal«««d aioual of 
dlff«r«at fonuImUoas « « M aiix«4 with tli« oaleaIat«4 Toluat 
of disUUod vattx* Saspoaoioao of gxaaulftjt fomolatloBO 
woio pxoparod b/ thorough ohalciBg and ftihooquont dioeudliig 
of tho iaozt eajrriojr. A»tahl« atjroogth^of tht jro^uirod 
diltttioA of thoso ehoodoalo «•£• alxod with ltlO«000 
dlXuUoa of tho Tixua loooultai* Subaaqutat ooatxola 
ooaprlaad of vixua iaooalaa at lilO»000 dilutloa sdxtd with 
aqual voluoa of dlatillad watax. Six ooaeaatfatioaat 
xaaglag Ixom 10 to 10»000 ppK wjf pfapaiad by alxlag 
dlffaxaat walghta of tha foxaulatad pxoduota with dlffojraat 
ptopaxtleaa of aatax. fha aqolTalant ooaeeatxatleB of aotlra 
lagxadlaata of tha fomulatloaa ara fuxalahad la Appaadlx I. 
Although tha vatax aolablUtr of aoaa of tha taat 
ehaalaala la rapoxtadl/ loa, ao oheoiioal aolvoat viaa uaad 
to avoid tha latarrantloa of aaothax faoter. 
?tHttff gj I w i l Itrtftfl fagjlt fa>«Mmft44i«i lurnat iwlM 
§gitfft4fli g^  tiifrtQiti ifl 3UM 
Hckxing tha eoiaxaa of pf aa«it atudlaa 11 ayatasae 
paatlaldal ahaaloala Inoludlog aaaatlaldaat laaaotloldea* 
fuaglaldaa aad S a^ataalo haxbloldaa aaxa taatad XA T^*^ 
b/ dllatlag thxaa dlffacaat oooeaatxatlooa l .a . 1000» 100 
aad 10 pp« with tea aqual voluaa of lafaatad ai^. Txada 
13 
aafli«8, aetlT* iiig£«dl«ata and oliaaleal aoapoaltloa of thaat 
^aaiaala art glTaa la labia 1* 7ha ohaaga la %ha 
lafaoUTlt/ waa toloaaaa/ad oa ^, li(tfinUtt9l9r» 
Out of 13 ahaoloala ttatad XA JClllft* ^^^'^ ayatanlo 
paaUeldaa via. fhlaat, furadaa» X»aaQata» InaaoUeldea-
aanatloldaa aad a fUBgleld«« Baalatt waira taieaa i^ for fox that 
datallad laToetlgatloaa oa tha lafaetlen aad aulUplloatloa 
of mi. 
ift tit A A I I Annl lAA^lAB fkt irJPAaillAJP 
1T»^l<TI1r^rI«lT»rTT*•^^f1'••^Tl i. C> aaagaatlaolor 
So atttdy %h9 offaet of gxaaulax foxmulatloa of 
7hlaet lO^O, aad Pujradaa 10«0 aa aoll appUoatloa, oa looal 
laaloa fomaUon oa jg* fl^ajfaatloolor. oaa plaat waa 
tcaaaplaatad la a plaatlo pot of 10 am dlaaatar haTlag 
380 g of aoll* Thaaa graaulax paatloldaa vim i^pUad to 
tha aoll la tha pota» at tha rata of lOOOt 100 aad 10 og /pot. 
Shaaa pota vg^ aataxad laaadlataljr aftax tha applloatloa 
of thaaa etWMloala. Taaat/ foux houxa aftax tha ahaaileal 
appUoatloa tha Si* ^ i ^ ^ ^ f » l e x plaata wg9 laooulatad* 
Sha ooatxol oonalatad of plaata gxoaa la tha pota without 
harlag aa/ ohaaloal i^plleatloa aad m9X9 laooulatad aa abova* 
7ha looal laaloaa 99x9 oouatad aad paxoaataga of lafaotloo 
waa oalottlatad aa aboTo, Eaoh txaataaaot «aa xaplloatad 
atleaet 3 ox 4 tlmaa. 
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iftt of nr«*»ad poat-iiiooulatloa foliar appHomtiaaa 
ThM d«%all«d iaT«»tigaUoiM wi9 uad«£takta oa th« 
•ffiOMs/ of fouc ••Ito««d ^aaloala !••• Tmadaat Xhia«t» 
Laaoat* aad B«ilat«» as tht nmi9 ialiibitoxa. AM the 
4§ vifcjro atudi** iadioattd tiiat fujradaa* aad Laaaatt wx9 
•oat affaeurt fot fMT lahibitloa at 1000 ppm aad Xhlaat 
aad Baalata at 10 ppa» theaa ooaoaatratleaa of tiio ohaaieals 
waxt ttatd fox foliar ^pUoatleaa at difftxoat latorTala, 
bofoxt aad aftax tha iaoealatioa of laavaa of tba looal 
laaiOQ liaatt 5* Hftfiatt^Ul* Hi pxa^iaoettlatioa oppUoatloaa, 
whola laavaa of tha iadlTidual plaat m9t9 awabbad with aa 
abaoxbaat oottoa piaoa aoakad la tha ehaaULoala* Vox tha 
ooatxola aapaxata plaata itaad waxa avabbad with diatillad 
watax. Zha txaatad laaraa waxa thaa iaoaalatad at tha 
diffaxMt iataxTala of tiaa Tia* 0 hooxCaiattltaaaoua with 
tha ohaaieal 8ppliaatiea}f 1 hoaXf S hottra* 8 hduxa* £4 hottxa 
and 48 hottxa aftax tha ^pplieatiaa of igrstaaio ahimieala* 
Fox poat-iaoealatioo txaatmaata ^a ahala laaToa waxa fix at 
iaooulatad with tha Tixua at diffaxaat iataxrala aad thaa 
aaabbad aith Htm ahaaioala, Diatillad aatax «aa uaad ia tha 
aaaa of ooatxola fox awabbiag tha laavaa* kaapiag tha aaaa 
iataxTals of tiaa aa daaaxibad aaxUax. Looal laaioaa wg9 
aooatad aaparatal/ fox oaoh loaf aad pax eaat iafaatioa waa 
aalaulatad, aoaaidaxiag auabax of looal laaiaaa aa iadioatiag 
tha dagxaa of iafeotioa. 
If 
Ittmm^ mt ^m^mm^ ^mmlmA mt Vhm atH'li'lAA vlJMlli ttf ABA<A#li 
(H«thimyl 100^) m€. Btalftt* (Btadayl iO&^ ) vwt 4lM»lir«« 
la dlttillad vatMf fegr ahaklAi i t to a olaat aoIttUaA of 
fiOOO pp« ooaaaatratiaa. S•q^iMd dilutioa af piuriflaA vltiia 
waa mixad with aqiial TOIIUM of 80(K> ppai of tilt alMMlaal 
ao aa to teTa ^ a flaal aaaaaatiratloa af ^aaa paatlaidaa 
aa 1000 ppa* Subaafoaat aoattola aaiBpxlaad af aaia <llatiaa 
af TifaX iooaiiliui aixai aith a^aal iraloaa af dlatiUai vatajt* 
2iiaaa mlxftiixaa ^9X9 kapt fas tba dutatloaa of 6| 84« 48 aa4 
96 houxa at 40^0 aad 10^ C* Aftac al i l^ ttiaj ^t% iaaaalatai 
aapafatalj OA abala laavaa af ii« fagaa^aalag, Iiaaal 
laalooa m%f aottttta4 4 dar* aftas tba iaooi»latlaa* 
glttttfi ta mahWBi • OTHrtt tetl 
''•'>* <>^  itt<i*wattM litilifaU ta lit Wnttta BI mt 
:TTlW^m 
Tax lofaatlgatlog tha affaat nt ^9A ttaataaatf a 
batah af 60 aaa4a of auanhatp m%t% aoakad fojr aiz haaxa la 
30 al 9t aquaaua auapaaalaoa of diffaraat paatioldal ^aaiaala 
BMialjrf FuKadaa» fhiaott Laaaata aa4 BaaXata* Baah a)i«U.aai 
waa ttaa4 la 3 diffaraat aoaoaatxattaaa via, 10«000» BfOOO 
and 1000 ppa. Af tax aoaklag tba aaada fox alx liottjraf vt^m^ 
of ohaaiaala m%t% xoaarad hf plaalag tbaa oa Blottlag vv^t 
aad aabaatua atlx alx dxlad oTaxalghtt at rooa tMpaxataxa. 
li 
Sh* ii«xt difor 0 CMAt p«s i^ ot (10 om pet*} tM«« M«II 1 « 
th* glftsihous** Stw plants CAIMA ftoa tr««t«d asd ttat»«at«4 
•mitMl* net* iaowlatad at 2 laaf atagt* 
Tkt app«avaaoa of «yat«iU.o ^raptosa ««M alaa faoatdaA 
to fiftd oat aajr dollar la tha ^^paaraaaa of ajataaie osraptOMi 
iao to tbo ohasieal aooA t^iOAtBMiat, fho ntaboi of lafootod 
pXaata «o«o loeocdod jaat aftoi tho ippoavaaoo of ofataalo 
a/^ t^OBS aa aloo oa tiio SOtii dojr aftot tho iaooalatlea aad 
potooataso of lafootod oaaahaBp plants »oro oaloolatod* 
HM obaojrratlefui oa mrsptott oxpjroaaloa (aoTOtOf aodoiatOf 
• l id) wojro also roooirdod. la otdof to oatlsato tlio 
lafootlTltr of tlio oaaalioi^ p plaata* jrouag loavoo ooco platiiod 
firoa tlio plaatfl Joat aftox tiio oxpjroaalon of oaraptoao* tlMoo 
loavoa ooxo oolgliod aad ofasliod fox pxopaxlag tlio otaadasd 
oztxaeta. 7lio ataodaxd ostxaota woxo dllutod to ItSOfOOO 
bofoxo IkloaaanrlfiC oa aliOlo Xoaroo of j2* laxaatleolax. 
thi9 poxooatago of lafootlvlty «ao omlottlatod ao doaoxlbod 
oar Hot* 
>ot ai* BS** aaA BaatwiaoflalAtlun iinHajp aad aa l l 
,«frn--5rrrw:f drrni n r riVTii • T» nrriit rnr7'«irr^ 
fho offoot of tlio oppUoatloa of dlffoxoat lyotoalo 
poatloldoOf oa tho Tlxaa soXtlpXloatloat lafootloa of igrotoalo 
hoot aad oxpxoaaloa of igr^ptoao voxo studlod. fho igratoalo 
poatloldoa araiXaliXo la nottabXo powdox fomttXatloao aaaoXj 
BoaXatOf ^aanato aad Fuxadaa voxo appXlod aa foXlax apxaya 
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la AVi^ oiM las^tasloAs at tba aoaaaatxaUeai af SfOOOt 
2t300 aad 1000 p^« Xhlaat bting a gxaaulai foxaalaUaa 
«aa alxad la tha soil at Ilia rata of 5,000» £»300 aad 
100 as* /lO on pott la aliieh •aoahtoip plaatt 99x% gcoaa. 
fox thia pttxpoaa, oaa aaadllag of aaaoiiomp »aa groaa io 10 tm 
plaatlo pots aad 5 •oodUaga at 3«4 laaf atago wara usad 
pox ooBooatiatiea of tlia ahoaioal* Iho plaats haTlog aa 
applioatloa of ehoaioala oaxrad aa ooatxol. 
la tha pra-»laooalatloa a^plleatloao thxaa 
aoaotatxatieaa of tha oliMiloala aaxo appliad atpaxatol/ oa 
3 oato of plaato at dlffaxaat duxatloaa, prior to laooulatloa* 
la tha firat aat* ohaaloaia waxa i^pliod 6 da/a litfaxa Tlma 
iaoeulatloa. m% oaaoad aat of plaata raaoirad tha ahaaloal 
appUoatlea 3 dajro aajrliax* irtiila tha third aat »aa giraa 
tho ohoaioal applioatiaa oaa dajT bafora laooulatlaa. All 
tha txoatad plaata aad a aat of ooatxol plaata m%x9 laooulatod 
oa the dth day at tha aaat tlaa. Fax post-iaooulatloa 
appliaatlaaa* all tha plaata wof fixat iaooulatad aad thaa 
tha diffoxoat ehenloala oeaaaatxatloaa mof appliad 
auhaaquaatljr at ^a iatoxTalo of oaa dajr» 3 dajra aad 6 days. 
ObaaxTatioaa oa fixat appaaxaaoa of arat«ao qraptoaa «ax« 
takaa ao aa to fiad out aajr dala/ ia tha appaaxaaea of 
ayaptooa dua to tha ahaaloal txaateiaats. 
Sha auahax of plaata ahoaiog ojraptoaa waxa xaooxdad 
4uat aftax tha appaaxaaoa of ajraptoaa aa alao oa tha 80 th 
80 
dajr Btfx iaoeuXatlott feir eaXeuXaUag p«xMA%agt of taf Mtod 
plM%s, TIM •«••«!%/ of •jmvtoa «X9J!«s0ioa vat alaa aotai 
aa tba abaYt t«o dalaat vhlali vaa daaatad la tba tablaa aa 
•H^ t^ -¥•¥ mH 4 iadieaUag aavaJtat aodtjrata aad aiXd ajraptoa* 
To oteofTO aa/ caduotioa of iafootlvit/« /ooag «iaxcla< 
loaToa shoaiag a/ataaio «jn9%o«a vojro plaokod jiia% aflof HM 
oxpi oaaioa of aaroptoaa. Staadasd oxtxaota aoffo pjpoparad 
aopafatoljr fo« orof/ tooataoat aad for ooatsol. Thoao 
aMiploa «o«o diXttcod to 1 : 20,000 la diatiXXod watot aad 
aopajratoljr bloaaaar*^ oft tita a&oXo XoaToa of £• fliliiUfitltli-
LooaX Xoaloaa aoxo eotiatad aad pox omit lofoetiyit/ aaa 
oaXouXatod aa ladioatod aafXiox. 
itxaa alajcaaaasla afudlaa fax XmraatlitAtli 
.Tr^  f • nnKTMiT^TTTi"^ r^ TMi^ dr? fTTBTni: "n 
Mn% i l 
Za oxdox to futtiiax laToatlgato tho dlxoat offoot 
of poatioidoa on tho atxaetairo of Tixua pactioXoot aaipXoa 
of puxifiod Tixaa pxaparatXaa aoxo alxod altli oqiuaX ToXuao 
of XOOO ppa of tho paxo aotlTo lagxodloata of tho poatioidoa 
aopaxataXy* Tho paxifiod vlxtta pxapaxatioa aaa flxat dlXutad 
to foax tUioa bofoxo alxlBg aitii tha ehoaioaXa ao aa to haTO 
oouatahXo ouahox of paxtioXoa* Aftax looubatiag tho aixtaxo 
fox 4 hottxa at 39 c^« tho aaapXaa »oxo faxthox pxooooaod fox 
oxaniaiag aadox ?hiXXip*a M-300 aXootxoa aioxoaoopo* Tho 
ooppox gxida of X50 aoiht eoTOxod idth Foxarax fiXa m9g9 uaod* 
A aaaXX dxop of Tixao • ohooioaX alxtaxa aaa pXaood oa tha 
gxida with a dxop of 2^ potaaaiaa pboaphotuagatata at pK 7.0 
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fet aegatlTt 0t«laiii«* Sx9««0 of Uquid was riaortft «lth 
a pi«o« of blottlog pt9*x md th9 s l id ««• •XMiAad lMi«4iat«ljr 
aftMwatda in %lit alaetcoa •ioiO0«e9«* 
71i« aotlv* iiig««dl«&t« of B«alato» Iioaaato sad 
2hU»% naaiol/ B«aoa/l (loa^)t Mothoajrl (1009() oad ?itoxo«o 
(97:^ ) »o«o oTotloblo thxoiigh tho eoiutoojr df MOOOOM 
lilgtoxaoot Gboaio M.T«, BotUrdM (BoUaad)* Ao %h9 aotiro 
iagxodlOBt of Tiixodoa oould aot bo obtalBod« i to 78^ ».|». 
fojBiiIotloa «M uood fof sakiag 1000 ppa ouapoooloa* 
Elootjroa •loxogiopho VOJTO tokoa at tho •agaifloatloa 
of X 20»000« Loagth of tho Tlxtto paitioloo «o«o Boaourod 
difootl/ froB tho BogatlTOo uolag a blaeoulaf alojfooeopo 
oquippod tdth 1-X Boasiulag ooalac* fho I«ig%h of paitleloo 
la txoatod oaipIOB voxo ooaparod with tho ooalcolot ohocoia 
tho piiflflod Tlrao pxopaxailoa was aixod «l%h oqual TOIUBO 
of dloUllod vator. Am tho of foot of thoso ehOBloalo oa tho 
bxoakago of Yiruo pastloloo «ao aoot diatlaet viioa OBiplos 
of Blxttixos nojro iaottbatod fox 4 houro at 35^ C» oaljr thio 
tjroataoat «ao takoa fox ootiaatlag tho offoet la dotall. 
tho avoxago leagth of tho vixao paxtloloo wao oaloiilatod 
boaldoo xoooxdlag the Taxlatloa la tho loogth of tho paxtloloo* 
Ooaoldoxlttg 275 to 375 aa as tho xaago of aoxBal loagth of 
tho TlXBO paxtleloOf poreeatago of TIXUO paxtloloo bolo« 
tho ooxnal loagth was aloo oaloulatod fox aaaljrolag tho 
bxoatdLag offoet of tho ehOBlealo. 2teo to oluBplag of TIXUO 
paxtloloo tho BoaouxoBoato oould aot bo tahea la tho ease of 
2t 
ptojratt (Xhlstt) haTlog aa o i l bas** 
£IM ittfaotlYit/ ot tli«8« tanplas vtxt also ••tlaatad, 
A Htall quaatltjr ot tho aiitaco ot puxlfloa Tlfuo pxtpaxatloa 
aA4 aeUTt lBg<«4iaat oX dlffaroat paaUoldea, woxa Alltttad 
to 10*^, 10"^, 10*', 10"*, 10"® aod bioaasajrod on whelo Itsraa 
eX jg* Miagaatioolojt md local loaloas waxo oooAtad* 
l o t at AAtiv« ±tutmmAi.mntm ttt n a a t l o l A o a . on tlia iiadi 
jtiriTPr•IM.U1>iilI-yVJIV.( ITO<T>W?Mrr-r?iTntTrni 
Tho difoot offaot of %h9 aotlTo lagzadiaftta of aoaa 
oX tbo poatleldoa oa tlio Yljnaa parUoloa nora Xujrtiiojr omlaod 
b/ anprlo/lag aaalyMeal ultjraooatrlXUf atloa* Aio aaaploa oX 
Rlxtafta oX aetlYo iogradloata o f > Mttheaylt Baaoa/1, 
•Ad Phoxato vara apua eaparattl/ jttat aXtof aisdoc «l%h tha 
pttXlXltd ¥ljrtta px^ajratioaa. 31«llar aavplaa wojra alao 
laeubatad at 35^0 Xox 4 hoora along with tha ooatxol baXoia 
aad aajra aapaxataljr 9pwi ia ao aaaljrtioal ultraoaatciXtica, 
i^iaoo aodal^E with Soblloyaa optioa. fha ooatsolo ompxiaad 
oX Aixtaia oX pulXitd ritm pr^ajratioa jaiarad with aqual 
volyaa oX diatlllad aatat aad Btmm aiztoza iaoubatad at 55®C 
Xojr 4 boiiJta, la ofaiy xua tt» aalla m9W aptta, oaa oX ttiM 
bavlAg tba aoatiol, Ibo xoto* taBpajpatuta waa kapt at 80 C 
aad photogciyha m»f takaa at tba intarral oX 4 aiatttaa. 
maplaottiaat oX paaka oa tha pbotogxopha aaa aaamxad aad 
aadimaatatioa oeaXXleUat aaa ealouklatad wployiag tha 
gxaphiaal aathod oX Maxkhaa (19eo}« 
ns*U SffMt of 4itf«f«i% ia««tUeid«t oa «li« 
dilutat of iBooaimi at diff«jr«at 
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*tmtk± at Vttflttua flvatMilo saslelaidAa fu 
M f^rni rnrT^MTwiTi» rrm^jr? iTM:F«:w i' 
3h« oh«a«es la tti« iaftetlTlt/ of ^ t alxtuxt of tho 
•ifua iaooulua aad tJM tuspoaaioa of poatloldta aft glYaa la 
Zabla S aad Fig.l. tha m«aa valuta of paxoaataga of 
lafaatlvity wara oaloulatad for aaali ehaaieal oa tha baala 
of 3 f^XleaUoas, GSiaoleals baloaglng to diffaraat gtoupa 
of ajrataaia paaUoidaa «af« taatad <^riag theaa atadita and 
tha raaalta ata daaajritoad groupwiaa. 
*^ artltfitff Iiiftgttffili4f 1 tag awiliyiati 
1. ftiradaa 
fha hlghtat ooaeaotxatioa of tha ohamioal uaad i«a. 
1000 ppa xaduoad tha lafaotlvlt/ to tha gxaataat axtaat 
!••• 39.94 pat eaat* At laaax eoaeaatfatlona of 100 aad 
10 ppa of tha ahaaloalt tha lafaotlvlt/ «aa 60*16 and 76,62 
par eaat raapaotlvaly,ladiaatlag ooKpatatlvaly leaaaf 
daeiaaaaa la tha virua lafaotlTlty« HovaTax, xaduotloa la 
tha Tlfal iafaatlYlty aaa obatrrad at al l tha eoaoeatjratloaa 
of tha dianioal taatad« 
2. ThlMf^  10»a 
Xha paxoaataga of Ylral lafaetlvlty waa 33«30« 
35. S8 and 71.7 «han ttia cAiaaloal aaa aaad at eoaotatratloaa 
S4 
!SabI« 2, Sft««t of AiXft7«a% «jr8t«BU.e pcstieldM on th9 
Inf MtlTlt/ of m? iA Tl^o 
j u S g ^ a ^ U I « f atiTityj ATtxw Cbofldeal 
Svo. I&aofi 
H'tm^TTf' 
^tmAan 
Shiatt 
Laaaato 
foraotti 
tmik 
IXipoa't 1642 
Maaafoa 
Supon't 1410 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
39.94 
eo.18 
73.62 
71.17 
35.1» 
33.30 
37.80 
36.48 
80.27 
TS.26 
62.51 
30.20 
143.12 
47.04 
49.46 
171.73 
260.61 
68.62 
72.48 
51.01 
122.04 
Plijrtotoxlo (plaat doad) 
140.68 
72.09 
58.91 
46.58 
31.52 
83.32 
79.88 
166.99 
81.85 
106.34 
oontd. • 
ta)il« 2 ooatd* 
fi5 
Chtaioal Iggra-S. i^  ^^^"-^^l r.^"' 
B«alat« 
PlantTut 
YltATftX 
C«xadlEia« 
H 7SS 
Hexbleid*^ 
Clitmioals 
aoao«it«atiea« 
(ttitaioaX z 
OoaoMtxatloQ 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
1000 
100 
10 
Hlfthly 
•ignlfloa&t 
M 
tt 
' 3Q* SO 
43.17 
i l . d d 
70.87 
71.08 
38.10 
44,14 
74.91 
Sd.25 
41.06 
79.14 
66.79 
13,33 
10.17 
38.00 
O.D, 
M 
£0.067e 
9,8811 
35,6881 
36.97 
60,02 
48.43 
62.33 
18.30 
at 
27.2621 
13.0970 
47.2255 
of lOt 100 mi 1000 pps« M»i^99tir9lj, I t ladioatM that 
tht iaf««tiTitjr «M r«duo«d with tht d«er«M« la Xhisst 
eoaotntration bolog loaat at 10 ppsg ozhibltlog a fOTorao 
ttMid a* oteotvod la tlia oaao of Pttxadaa* 
3* Laai^ ata 
fh* ir«flulta iadioat* tiiat thia aitaaloal i^dac^A tba 
•iral lafaotintjr to a Tor/ gxaat axttatf at all th« 
eoaoontcatloaa taatad. !%• ptfoaataga of InfoetlvlV xaagad 
fxon SO.27^ at 10 ppa to 37.80^ at 1000 ppa* fhla Indloatoa 
that tha loaa of vljrua l a f o e t m t / waa hlghoat at tht lovaat 
ooaotatcatloa of tha ohoaloal l«a« at 10 ppa« aad «aa zadaotd 
at tha hlghat ooaeaatxatloaa of tha ehaaloal. 
fha pareaataga of lafaatlTlty «aa fotiad to ba tha 
laaat 30,£6 at 10 ppa aad «aa hlghaat l .a , 73.S6 pac oaat 
at 1000 ppai. Ihla tiiaoloal gava xaaiilta alalia^ to theaa 
ohtalaad vhaa othar ahaaloala Uka Laanata aad Thlaat m^w 
aaadt hut la ooaparatlTal/ laaa affaotlTa aa lahlhltox of 
•Ixua lafaotlritjr. 
Zha pax oaat Yiral lafaetlYlt/ ohtalaad dua to 
faalk t«aatataat« xaagad hatwaaa 47,04 Mid 143,1£ at 
ooaoaatratloaa of 100 aad 1000 ppa vaapaetlTaljrt uhaxaaa at 
a ooBoaotiaUoa of 10 ppa^  InfaatlTltjr «aa 49.4e« Iha ehaalaal 
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at 10 and 100 ppm raduoad th« InfaotiTlty to tasest the 
•«EM level but anhanotd th« InfaotlTity to 143.12 pcx ooat 
at 1000 ppm 00Aoontcation. 
2he ohaaloal xaduead tht Tlcaa InfaotlTlt/ oaljr at 
a ooaeaatxatloa Oif 10 ppa glTlag d8.62 p«c eaat lafaotiTltjr, 
At ooQoaatratloaa of 100 aad 1000 ppa of tha ehaaloal, tht 
Tlma lAfaoUvlty «aa aahaae«d» giving 260. dl and 171.73 
par oaat lafaotlvltyt raapaotlval/. 
7. tianafoa 
Tha viral lofaatlvit/ waa 51.01 at a eoaoaatratloa 
of 100 ppa aharaaa at 10 ppa eoaoaatxatloii» tha lafaotlvlt/ 
vaa aahaaoad to 122.04 par oaat* At 1000 ppa eoaoaatratloa 
of tha ohaaioal» laftetlvity aaa 72.48 par oaat oal/ •> toalag 
inhibitory but oaly to a leafg axtaat. 
7ha ohaaioal alightIjr lahibltad the viral iafaetivit/ 
at 10 ppa aa tha par oaat iafaetivity vaa 72.09« whartaa at 
100 ppa tha Iafaetivity am anhaaead to tha extant of 
140.58 par eant. This ehaaioal at 1000 ppa eoaoentration 
«aa found highly phytotozio aa the leavee of tha indieator 
plant (i2* «»^ ?fHl^ «?^ ?fr^  "Iff killed daa to thia eooeeatration 
of tha oheBloal. 
fis«2» Mt99% ot ditt9xmt tiingimi€99 ea the 
dilatat •£ laomiXua alaI7f< 
0OAO«it<atloiis 
0 • lit wrtat 
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of lAooalm fti dirroxfttt ooaotstiratlmis 
A • OojraAlilBO H78S 
B « Htc1d.eido*^ 
\ \ \ \ \ \ \ \ ! 
o o o o o o o o o 
A11AI133JNI % ^o 
I I ! 
C) O 
AJIMiOTr ' l % 
t8 
at ttia lowest ooaomtratlon of 10 ppa (?lg*S), At hlgbojr 
ooae«Atration l . t . 1000 ppa» tho Tlxal lafoetlYi^ «aa 
alaoat tho o«io !••• 36,S0 por eoat whoroao at 100 ppa tbo 
lofoetlTlty was oaljr oUghtljr laozoaaod to 43.1? poc eeat. 
e. PlaatTaa 
Tho poxooatago of lafootlrltjr «aa loaat l .o . 98.10 
at tho loooot ooaeoatfatloa l*o* 10 ppa* Ao tho ohosleal 
ooQooBtfatioa oao ralsod to 100 and 1000 ppa tho lafootlvl^ 
«ao 71,03 aad 70.d7 pox orat roopootlTOl/. 
3. Yi,tavq» 
Zho of fleaojr of this oh«id.oaI as an aatlvlral 
ooftpound was found to bo high l.o* at i t s lowoot ooaoontratloa 
of 10 ppAg ^o InfootlTit/ was onl/ fid.es por oont. Hooorer, 
at 100 aad 1000 ppia oonooatratioast tho pox oont iafootlTitjr 
was 74.91 aad 44.14 ro^pootlToIy. 
1» Ooradialao H«7es 
At tho highost eoaoootratloa of 1000 ]^ pa« lAfoetlTlt/ 
was ooljr 41.06 por ooat« whoroas at othor ooooontratioas l .o . 
100 aad 10 ppa tho lofootivltjr was oonsidorahl/ hlghor l .o . 
79.14 aad 66.79 por oont rospootlToljr. Xhoso xosalts axo 
illttitxattd ia 7i«,3. 
this oli«aie«X oo&sidtxabl/ ftff«et«d tti« vifal 
iofMUvlty ft! al l ^ 0 00110MktraUoas* fho iafootlTlV ««• 
low at oeaooatxatloao of 100 aad 1000 ppa i.o* 10*17 pox 
ooat aad 13*93 pojr ooat xoopootlYol/* tbo latootlTit/ at 
tho lowoot ooaooatxatloB of thlo oboaloal «ao to tlio oxtoat 
of 32*00 pof ooat. 
Za all 6 Ottoli olioaloalOf otiiolt havo laoootloldal 
ao «oll aa aoMatloldal pjcopoxtloa* woxo toatod fox th0lx 
lA m i f t Mtioa oa tbo lafootlTltj of IXT* Oa ttio teala of 
tho oToxago Yalaoa of soaa pox ooat lafootlTlty of oa^ 
ohoaloalf tho aoot offootlTo aatlTlxal obosloal «aa foaad to 
too liaanato, aa tbo aroxago of pox ooat lafootlTltjr «aa fotuid 
to bo oaljr 31*58. fhlo flboBloal at Ita lovoat ooaoontxatloa 
1*0* 10 ppa lablHtod tho Tlxal lafootlvltj to ttio aazlaiiBi 
of 79*78 por ooat (SO*87 pox ooat lafootlritjr)* ^^ blaot 
waa fouad to bo tbo aozt aoat offootlTO lablbltox of Tlxal 
la fooUnt / ao It lablbltod 93*4 pox ooat lafoetlrlty 
(oToxago pox ooat lafootlrlt/ 49*98). Toxaoux OMioa aoxt 
oltb tho aToxago lafoetlTlt/ of tbo Tlxao duo to oboaloal 
txoataont bolag 99*3£ pox ooat (lahibltloo 44*98 pox ooat). 
ji^ &xadaa vao aloo Ibtud to bo a Toxjr pxoalalag lablbltox* aa 
30 
victts oould only xet&la an aTtxag« of 88.91 ptx otat of l i t 
lafootiTity (lahibitloB 41*09 ptf 9m%) aftox )iala« txaatad 
iiltli Fitxadaa. 
7«UJc aad 9«iafo6 waxt aot fouad pxoalalag lahiMtexy 
ohtaioala, #ii la Uupoa' t 1642 aad 1410 waxt atianlaata of 
Ttxal lafaetlTlty* 
Pxoa thla gxoop, 3 ohM^oals woxo taatad. An OTOxall 
ooapaxlaoa of thtao ohoaloiaa rtrtalod that BaaXata aaa tht 
Boat aupaxiox lahlbltox of vlxal lafaotlTlty, Xha aTtxago 
pox oaat iafootlritjr duo to Boalato txoataonta »aa oaljr 
36,97 pox ooAt» ahloh aoaaa lalilbltlea of 63.03 pox ooat. 
Vltaraz oaoo aoxt with tho aToxago of 48,43 pox ooat 
lafoetlTlt/ duo to thla ohoaleal txoataoat (lahlbltloa bolag 
51.37 pox ooat), PlaatTBZ «aa aot ao pxoalolag aa tho 
avorago of pox ooat vlxal lafootlvltjr duo to PlaatTax 
txoataoat waa 60,6E (lahlbltloa 39*38 pox ooat). 
luabox of ohoaloala tootod bolooglag to thla gxoup 
la Hal tod to oaljr tao. Thoao ehoaloala aho« alaoat alollax 
txoad that la lahlbltloa of lafootlvltjr at ool/ hlghox 
ooaooatxatloaa, Hoxbloldo-4} aaa fouad to bo tho boot 
lahlbltox flttoogat all tho ohoaloala toatod, tho aToxago raluo 
of lafootlvlty bolog oaXy 18,50 pox ooat, thlo aoaaa that 
tho lahlbltioB of lafootlvlty aaa to tho oxtoat of 81,50 pox 
ooat, Iho other ohonloal* howoroxt ahowod <iulto a good Mouat 
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of nx9l iaftoUTlt/ U; SS.38 pt* o«at (iohiUUoa toiag 
37*67 p«x o«at). 
A» piurt aotlT* iagr«di«iita of ealy t«o poatioi^oa 
aaatl/ - Laaaato - a ajratoalo iaaeeUelde<»aaaa%ieido aaA 
Boalato a ajrataaio fuagleido wf avallablo, thaaa wn uaad 
aa Allttoata of paxifiad fit? pjrapaxaUon aad taatad aftac 
atoilag thaa fot diffafoat eeataat pafioda at 40 aad lO^C. 
l^ tlfaMiyt {l9Qf gMt) - ttt UrttYt lAfJltOifal ftl IrHaillf 
At 40^0 (Maziaaa 44*801^  and aioiaiia £S,«99( lafaatmty) 
At 10^0 (Maxlanta 88.517( aad aiaiaua 419( iafaatlTltx) 
SlM lafaetlTit/ of tba puxiflad Tlsaa ptaparatlea «aa 
laaat i . o . se.dp pax aaat aliaa dllutad with Matheajl* tbo 
aotlTO lAgjradlaat of Laaaata aad atorad at 40^0 fox 48 lioaxa 
aa iadioatad la labia 9 aad lUoatxatad in Fig. 4. At othax 
ooataot paileda lafaatlTltjr «aa foaad to bo higiiox i .a . 
44.80 pojr aaat whoa atoxad for d boiaxa. At 10*^ 0, hoaarex, 
tlia i a f a a t m t / aaa aa high aa 88.5 pax oeat ahaa tba 
•ixtttxa waa atoxad for 6 houxa. Oaaexall/ tha Tlxua 
lafaatlTit/ aaaaa to hava xaduaad vith tha loagax eoataat 
paxioda. 
7 taat iadioatad that tha diffaxaaeaa ia vlxal 
iafaotivitj obtaiaad daa to taapaxatoxa txaatnanta aad 
paxioda of ooataat wf fouad highly aigaifioaat. lataxaetioa 
of thaaa two faotoxa w%x9 alao highly aigaifioaat. 
3S 
fablt 3, ttt99t 9S t«^>«rfttiur« (at 40 aad 10^0} •aA 
oontftot pexloAs of 1fti« pudfltd m a t i^ tvyacAtLoa 
with th« «otlT« Ingsodlofits of «/ot«io pootloidoo 
on tho Tltal lof oet inty aoo^od on £* —gootioolog 
MMO of chtBloaL 
1. Moihoajrl (100^) 
Orosd aTOfogo 
«. Boaoajrl (100^) 
djraad oTorogo 
;ooataot 
,'peciod 
6 
S4 
48 
96 
$ 
£4 
48 
98 
qhoaioolf Sotti^ qo 
LMothea/X Zlai 1 
fospoxatttro 
Xntojpaotloii 
2.BonofliyI f iM I 
foapojratiuro 
XntoxaotioB 
{ 40**C 
44.30 
33.10 
SS.89 
£a,48 
3£,e5 
50.07 
53.80 
39. 8S 
33.38 
v4 . SS 
U l i i l 
m g h i j 
algiiifioaiit 
* 
w 
Son-
alftttifloaat 
m 
(« 
j 10® C 
88.51 
41. TO 
85.19 
44.85 
59.98 
58.99 
70.08 
68.38 
88.58 
88,73 
0.0, at 
8.98 18.38 
8*31 S.78 
18.88 17.51 
• • <t» 
• • <w 
« . m. 
93 
At 40^0 (70*0e^ aaxlKia and 93«3S9( a la l»a IftftoUvltj) 
At yfo (35»9ei)& B«zi»in aad d3,80^ nlalwiB UX««tlTlt/) 
»«iioayl i s th« -0*>>^ <s>v oixv>yve ©^  ^fstwlo 
fuagiold* Bmlatt. This oh«a«aL also r«due«d tli« io^Mtintj 
•f ptulfi«d XXT prapazatioa, glvliig oaly 33«38 pat •«it 
iafaotiYit/ atiaa thia ^aaloal was uaad aa dlXuaat af tha 
laooaloa aad tiia alxtuxa atocad for 9d hour a at 40^0 aa 
iadioatad la fabla 3 aad iUustxatad ia 7ig»9. Sipooara ot 
aaoh a aixtiuta for • ahortar doratloaa at thia t«iparatara 
aaasa to hava raduoad tha iahlbltioa of lafaetlTlt/* fh% 
iaf aotlvit/ «aa m&oh hi^har at tha Xowar taaiparatara of 10® C, 
At ttilo tai^aratara tha eoatoot p^xlo^t do aot a^tm to hara 
aa/ sai^ad affaet* Zha lafaotivity at thia tasparatura 
raagad fros 53*02 to 63.36 por oaat. 
7 taat iadioatad that tha dlffaraaoaa ia tha 
iafaetivit/ ohtaiaad dua to tavparatura traata«ata aad 
diffaraat parloda of ooataet vara aot foiaad aigaifloaat. 
thM Sadiaaatatioa oooffioiaat (S) of diffaraat 
aa^plaa aa obtaiaad through aaal/tieal ultraoaatriAagatioa 
of thi aaaplaa ara givao ia tha 7abla 4 aad Figa, 6-10. 
Valttoa of Sadiaaatatioa ooaffioiaata ara in 3 Tadbarg*a 
uaita (S) iO Sao. ooavartad to tha ataadard ooadltioaa of 
vatar at 20 - SSO, w. 
Aaal/ti«al ultxaoaatntag* pa«t«n el ptiffilifi 
wim9 p£«pmfft%loA ttlirtA l i th 4llfl«xtat p««Uei4««* 
PbotogxiiptM • • « • %akM %% tlM lAtMnral of 
4 alAiikost ftt a fotot ip««A of 81740 x«T*/slft. 
S«4lMatatlm ia fXM l9i% to ilglit. Uj^ti 
pattwa i t •otttfol M i ImMt ! • tftateant* 
fig* 6. Baala%« ttaatad SMipla oaatxifUftad iiisl •£%•» 
miziag* IftdlOfttUg »p«araao« of a olaax poak (ascoa) aftex e aiattvaa of ultxaaaatjrlftigatioa 
fig*7« l^ aaaata %xoata4 aoipXaav o«i%clf^a4 Juat aftat 
•Ixiag 
rigtS* XliiMt txaataA aaapaiaat aaattlftigad jaet 
at tax ttladag 
fi<«9* Matiio^/l txaatai aaiplaa ataxad at 85^0 tox 
4 liattca 
fiff.lO. BaaawjrX ttaatai aaaplaa stexaA at 35^0 
faff 4 hoata* 
f 
^ ^ ^ ^ ^ 
^^'> qw 
G.6 
1 U 
1 1 
1 
1 1 ] 
1 
1 1 1 1 
1 1 
H 
II 
?>t9(^ FIG.S 
* • • ( • 
^•••••i 
• 1 ' 
5^«#& 
'»-2>^3 FIG.10 
b 
( 
34 
Sablt 4* StilaMtotlos ee«ffloiMt (3 Taluvft) at tO^ O 
I I I I I I • I • I 
npulat loa • B««o«yX l(Se»iit»X!M«thoayl|0en%fOl}ph©jp«t«| (bntjrel 
UJutt «ft«f mmx 114 74 69 100 69 71 
alxiag M©iiwi«* 74 
fi.W'o for 4 100 177 175 178 • • 
heart 
*Iot don* 
7hft c«8ttltt iadioate that mixing of aetlTt lagradlenta 
of pa«tlol4«8 aaatl/ beaoayli sothos/l and phoratt 
affaatad tha Sadlawtatloa ooaffiolaat (s) of ^ a nxua 
pxapacatiaa* fba putlflad Ylrua prapafatloa addad with 
aathooyX hava lowax Taluaa f Sadimaatatiaa aeaffioiaat» 
pfebablj baaaaaa of iaoxaaaa ia tha viaaoaity of tha 
auBpaadlng Ufitid dua to additiaa of mathoa/X. Xa tha oaaa 
of baaoogrX* hovarax a diaer paak aaa obaaxrad (Fig*6) with 
114 aa i ta S TaXua* iadieating that tha eoaaantxation of 
bjrokan aad aggxagatad vlxua paxtioXaa la auffioiaatljr high 
to foxa a diatiaet diaax paak ahiefa eeuld aot ha ehaaxrad 
ia tha aflipXaa txaatad with aathaajrX (Fig.7) end phoxata 
(Fig.S). Xt ia Jcaeaa that tha Xeaax dataotion Xiait of tha 
aaaX l^leaX uXtxaeantxifiiga fox tha dataotion of iapuxltiaa 
ia oaX/ G pax aant of tha aataxiaX uaad in tha teat. 
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FIG.13 
3S 
Th« tfl^trattur* trtataeat of similar swplvs at 
30^0 fojr 4 h»vuff ••«»• to haTQ lATaziabl/ afftettd la 
aggftgating tha rixoa patUalasi IrxaapaotlT* of addiUea of 
ohOKloal ingxadiaata Uadlag to hlghax Taluaa of SadlaantaUoa 
eoofrioiaat (Flga. 9 aad 10). 
^fafit ttf ntt tieidaa on tha aarahology and iafaatlirity of 
•fTrwffTTf:^ 
Iha xaaulta ae ladioatad la Sabla 5 ahow tliat 
Bttoayl and Methomyl tend to bxaak tha vlcua paxtlolaa 
to aaallex fxagBwata, aoaetloaa §M aaaXl a« S3 oa. Partielaa 
of tha also oft lo«er thaa 35 am wi9 aot obaarrod la tha 
eontroX aa ladloatad la Fi^ ss. l i , i s aad 13, £ha aToraga 
laogth of virus partleleo la least in Mathoa/1 i . t . 136.77 oa 
aa indioatad in flga. i4» IS and 16. ?aroaata«« of abnormally 
short Tixtte p^rtlcXtis (lesa tiuux 2'7& am) la aaziaua in tha 
Mamoffljrl troatad ssaplte i .« . 7£«55 per o«a%t •» sgainst tha 
eoBtrol where i t i s 44.98 par cent. Baaoajrl traatad sa^^los 
alao ladloata eeoeidarabla aioiuit (68.23 pus oaat miaUar 
particlas) of Tlnia partiolas witii ahortar diaeasioaa 
< 188.73 tm «rora§t Itogth) aa Indleatsd la ?igs. 17, 18 aad 19. 
A oloaax t ie* of broken particle daa to Xtthoa/l and Beaonyl 
traabaent la exhibited la Figa. 80 and 81* 
Aooordiagly the virus Infeotlrlt/ »M least la ths 
Methoajrl treated aoaples i . e . 13.40 Is tha average local 
laaions per trtiole leaf of jj. fl^arafltia^lar, followed by 
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f ig* 14, fx^viMogr Alatflbtttida of diff«««at 
s«aiiur««ata 9t MthOBjrl tjrtattd 
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Fig* id, £l«aUMi aiieiogJBapk of pajrlfitd atthoajrl 
tx«at«4 HIT z eOfOOO 
FIG.15 
ng . i6« BI«otjroa aiengroph of purlfitd ••thoajrX 
Uoat«d 7HT z 60,000 
. vi^  
FIG.I6 
Fig* 17* Fz•q^•B0/ dilstxlbuUo& of diff«x«at 
MtMortfliMits of boaovyl txtatod 
'Mf pftxtleloa 
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PARTICLE LENGTHS (nrn) 
FIG. 17 
tx«at«d 1!SfT X 60300 
i'^^^.a- ^ ^ 
FIG.18 
?ig*19« 2l«atxoa miexogxmh of pujrifl«d btaoa/1 
FIG.19 
fid, so• Sltotirea oloiogjraph of a«tho«jrl tr«al«4 
¥«oic«B my partlole x 165,000 
Fig* 81* £lt0trea alejrocxaph of boao^fl tx«at«d« 
toxolcon TUyi paxtlolo x 165,000 
FIG.20 
t* 
_ .^^ i 
FIG.21 
tjr««t«d 3!MT z lOtOOO 
• V, ^ -'C \ >L ^ -^  '^ 
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FIG.22 
tXMttd ^ T X 60,000 
FIG. 23 
Btnosyl tf«at«d taaplta luriog iaftotirity of IB.90 Itciofls 
p9t !#&£• Tliis 19 eoiapaxtd to 33.00 looftl lesions pti leaf 
as otetrvsd la tht ooatxoX sai^>lts ulisfs ao ohooieal was 
Klxsd with ths Tiraa prspaxatloa* 
Fhofats Ming aa olljr ohsalaalt oaassd total 
aggfOgatloQ of vlfus partiol«s (as ^o«a la l^ lg«S2) ^ s to 
sbloh asasazsasat of tht paftlelos oooXd oot IM taksa* 
fiuradaa has ao slgalfloaat affsot oa tho aorphologj of 
Tlxlons (Fig.£9), 
II. iii yiY9 mm 
1« If'^ Hiiiy ^"*^ i^lfffttloos aa aJta—and oost»laoott 
:t>u';.n-«4:ig.fff^i.ir'i'«vi.irn5t.y.T!Hfnr>, 
Fujadan (1000 ppa) 
fha rosuXts poxtalalog to ^^ ajr|daa foXlajr txoatasats 
ac« prossatod la fablo 6 aad Fig,24. 
fxa-lnoottlatloa fl|>pIloatloa of FuradaA roduood tbo 
pojr eaat laf sotloa of St* Waifaa^J^Wltf ! •»•• • IrraspsotlTt 
of tho time lataxTals tsetad. fhs saxlaiui aad alalaua 
lofsotloa aftar £ aad 1 hour pxtlaootlatloo tjraataisots» 
gaT« lafaetloa of 19.49 aad 68.08 pax oont xaapaotlTOIjr. 
Ths slmiltaaaotts applloatloa of S'uxadan and vlxut laooulatloo 
of tho loeal loalon hoat eonaldarahljr xaduood tha lafaetloa 
(£7.49 p«r ooat}t hut with tha lapoa of tlaa lat«jrYaX» tha 
36 
Tabl« $• £ff«ot of px0 and pe8t*laoettIatloa tolimi 
applioatioa of Piuradaa (1000 ppa) on tht 
iaf ootloa of ^. WftfOTH^ftigy 
lattrral of 
applioatlon (houcs) 
ffin ?fftl ^q^?gl4gft 
(Fjce^loooulatloa { PoBt-inooulatioo \ 1 
0 
1 
2 
8 
£4 
46 
Qxaad. Averago 
87.49 
19.48 
S6.68 
47.81 
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Poat-
inoottlatiofi 
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i'raataaat 
fcoateoat 
F tost 
xOghly 
sigalfioaat 
Highljr 
aigalflosat 
656 
11.69 
£0.54 
,D. at 
4^ 
16.62 
89.2S 
^ 
o 
o 
c 
1^ 
\ / 
/ \ 
\ 11-
r 
/ 
O 
<M 
o o 
= o o 01 
o 
00 
o o o m o o 
O 
CM 
O 
A1IAI103JNI % 
o 
o 
c 
to 
c 
CL 
rJ-
C\J 
CO 
C\J 
O 
C/) 
a: 
O 
X 
CO 
2 
o 
< 
_J 
CL 
a. 
< 
o 
CO 
_ 1 
LU 
1-
»— 
r^ 
r\i 
(^ 
L! 
o 
CO 
^ 
CM 
(jU 
CM 
CO 
cr 
n 
o X 
2: 
CO 
2 : 
o 
f-
<r 
c^  
1 
. -J 
n Q-
< 
I j . 
CJ 
U"; 
. J 
<,'__ 
cr 
I ' i 
1-
o 
39 
laf•otloa «M appfeolabljr Inoxtftstd* P ttat Indieat* 
that tht dlff«««fio«a in p«4ro*atag« of Infaotioii obtalaad da« 
to pxa«>laooiiIatloB txaatoaata of thla obtaloal wort hii^lj 
•igalfloaat. TbM Tadatleiia dut to 0 and 1 hoar vtxt 
sl^nlfioaat «hilt duo to l-S and S-8 heura wart hlghl/ 
algaifloaat, fhasaaa 6, £4 aad 46 houra m^r^ at par. 
Xha paat*»iAoouXatloa applleatloaa of Fuxadaa did 
aet ftduoa tha par oaat iafaotloa to tha axtaat aa ashibltad 
bjr tha pra*laoouIatiea traataaata. Sha iafaotloa aaa aiaiwut 
to tha axtaat of 44*66 per oaat idiaa appliad £4 hoar a aftar 
the iaoottlatioa, Applioatioo of tha ehaaieal at 4S houra 
aftar iaooulatloa alao raaaltad ia 56.73 per oaat iafeetioa. 
the effect of applieatioaa of Furadaa at 0 aad 1 hour aftar 
iaooulatloa ware at par with eaeh other* The iafeotloa «aa 
alightljr atiwaated nhea Turadan aaa applied at S aad 8 houra 
after the vlrua iaooulatloa. 
Ia reduQiag the iafeotloa ea £. aaarat^tioolor. pre* 
iaooulatloa applleatloaa were more effeetlTe thaa the poet 
iaooulatloa s^plioatloaat aa the graad areragea of per oent 
iafeotloa were 43.77 aad 70.9 reapaotirel/. Tariatioaa ia 
iafeotloa due to poat-iaooalatioa tiaeX/ treatieata of Furadaa 
ware highly algalfioaat. The Tariatioaa la lafeotiea 
ohtalaed due to treats eat a at 0-1 aad £4*48 houra were aot 
aigalfloaatt while the iaoreaae ia per oeat laf eotioo due 
to 2 and 8 houxa trealaeata waa highly algalfioaat. 
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TlM fesa l t s obtaiiiAd du9 to thiiMt pboxatt 
applications aro pxasaatad In fable 7 and Plg,S5. 
Prt-lnooulatlon application of Thlast consldcxably 
reduced the par cent Infection of £* aaarantlcolcg IcaTaa* 
£ha least Infection of 18*49 pes cent was obsefTed ebea Shlaet 
was iy}plled 48 houxs before the laooulatloost followed t / 
8 boursf 24 hours and 1 hour treataents resulting In S0.79, 
23.84 and 25.87 per cent Infection* respectively. HcecTer, 
the Infection percentage was conslderabl/ iilgher at 2 and 0 
hour Internal. Pre^laooulatlon treatEaents v»ith this chenlosl 
rcTCaled hlgnly elgnlfleant dlfferenoee In the Infectloa 
percMtage ae It was obtained upto 8 hours. But the 
Infections obtained at 24 hours and 48 hours were at par. 
The treataent at 48 hour was most effective In reducing the 
Infection percentage. 
The pest-lnoculatloa implications of ihlaet did not 
reduce the per cent Infection to the extent as exhibited by 
pre->laoculatlon treataeats* Maxlaum Infection of 92.53 per 
cent was observed, when the treattaent was given 48 hours after 
Inoculation. The mlnlaua Infection of 24.11 per cent was 
however^ recorded when ^emlcal was applied l hour after 
Inoculation. 
Oottslderlng the grand average of pre and poet-
Inoculation treatraentSt pre->lnooulatlon applleatlone appeared 
41 
2abl« ?• £ff«ot of pr« aad post^inoealaUoii f o l i a r 
fl^plloatloa of Ihiaet (10 ppa) oa tho l a f t o U e a 
la tofva l of 
applieatlon 
(hoiixs) 
f n gffll.i'tffgttM 
Fjr»->iaoouXaUoa ' Post*iaoouXaUoa 
I - I - • - - '• - - • • - - • • 
0 
1 
2 
S 
24 
43 
Gvaad ATOzago 
40,70 
25.87 
4o,2,l 
SO. 79 
23.84 
ia ,49 
29. X3 
3S.3S 
24.11 
30.84 
47.22 
38.71 
92.53 
44.79 
Sottf00 of 
? £ • • 7«oatmtot 
laoealat ioa 
^pI lea t loA 
Pos t - !?roat!Beat 
laoouIaUoa 
applleatioa 
F tos t 
Highly 
olgnlf ioaat 
Highly 
o igai f ioaat 
CD. at 
7.68 10.63 
7.26 10.04 
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to h9 ao0t tfftetlTt In keeping deim tht iaftotioa of l«oaL 
Icsioa host. 
AQAljrsls of Tarlaaoo iadloftto that Tajrlatieao la 
iaftotioa duo to poit^iaooalatioa applioatioao of thio 
ohoaiool woro highly sigoifioaat. lahibitox/ tffoot iaduood 
duo to X hour txoataoat «aa sigaifioaat orex 1 aad £ hoar 
troatnoata. Tarlatioaa duo to 8 aad 24 hour troataoatsworo 
sigoifioaat (at dfi IOTOI), ifeilo 48 hour troataaat garo 
highly aigaifioaat variatioaa. fhia iadioatoa that tha 
troatoitata at 2, 8 and 24 houra aro deeroaaiog ia thair 
offaotiTooeea, nhiXo tha troataaat at 48 houra ia iaaffaotiTO. 
iaaaalt iM<Kf giai) 
£ha roaulta of pro- aad poat^iooeulatioo foliar 
applioatioas of Laaaata euro praeaatad ia Tabla 6 aad Pig, 26. 
Fra-ioooulatioa applioation of Laaaata ra<bioad tha 
iaf aotioa paroaataga of J2« aaaraatioolor ItaToat to tha aattaat 
of 34.56, 37.4 aad 39*53 per oaat ^pliad at i , 2 aad 48 
houra hafora iaooulatioa. Uo«aTar» tha iafaotioa paroaataga 
«aa ooaaidarably highar at tha tima iatarrala of 0» 8 aad 
S4 houra via*, 90.43, 55.02 aad 83.40 per oeat, ratpaotivaly. 
7ha Tariatioaa obtaiaad due to pra*iaooulatioa Laaaata 
traatnaata '^•X9 highly aigaifioaat. Traataaeat at i hour 
aaa superior to skll tha other traataaata aad tha Tariatioaa 
due to all tiaely iaterirala were highly aigaifioaat. 
4S 
7ablt 8, ?St99% of pre aad poat-iaoeulatioa foUac 
a^plieation of Lannatt (1000 poa) on tlia 
laftouoa or j^. asMftgUwlgi ia sixst 
Zatemral of 
i^>pIioatioa 
I hours) 
iU fftti 4ftff^UM 
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Post-laooulatlon ^pl loat loas ceeultsd in 
coasiddxably higher iafeetioa p@ro«atage» exotpt at %bt 
Uoc iatarvale of 0 and 1 hour giviog £8.05 aod 39,50 par oa&t 
infeetloa xaspaotlTely. F taat indloata that TajriatioQa in 
iofaotlon due to p08t*iaoeuIatloa txeatmeata wexe highly 
aigaifioaat, Variatioas at 0*1 hour were aignifieaat at 
lower level (5 per^eeat) , 0-2 and 24*43 houra were highly 
signifioaat. The treataeat at 48 houra was not effeetiYe 
ia reduoiag the infeotloa, uihereaa variations at S-8 and 
8-24 hours were at par. 
Coapariog the grand average of both the treataentSt 
pre-inoouXation e^plieation of Lannate waa aore effeotive 
than poat-iaooulation application. 
:i?he resuXte -^ f Benlate foliar treatments are presented 
in fable 9 and Fig.^X 
Pre-iaoottlation applieations of Benlate redueed the 
per oent infection of jj. MiftHBttqglgl *o a • • « / ^S^ level . 
She least infection of 13.4d ^91 cent was observed when the 
leaves were treated witu Benlate 48 hours before inooulation, 
followed by 24« 0 and 8 hours treatmenta resulting in 
14,38, 16.02 and £0.83 i^9g cent infectlont re[q>eotively. The 
infection percentage waa tdgher at 1 and £ hour intervals. 
Analysis of variance indicate ^ a t l^e variations in infection 
obtained due to pre»inoou.lation denXate appXicatioa were 
4d 
Table 9. STfeet of pr« and post«>laoeulatloa toliar 
appIieaUoa of Baalata (10 ppn) on Ida 
laf aoUon of jS* flBftgiRUWl9f Ifi tLSk 
latajEfYal of 
i^plioaUoa (liousa) Pra-laooulatioa 
JbMfKaJuAiEMAfijuuuMML 
! Peat^laoealaUea ; 
0 
1 
2 
8 
24 
48 
Oxaad ATairaga 
16,02 
34,47 
51.54 
20,83 
14.68 
13.48 
85.17 
30.31 
45.82 
61.74 
29.84 
32.55 
36.31 
39.34 
Souxda of 
YMI^ittffa 
P^a-inooula- Traataaat 
tioo appliea-
tloa 
ft taat C.2). at M 
Highly 11.97 
algalfleant 
17.03 
Poat-lnoeula- Tseataant 
tloa applloa-
tion 
Son-
algnifioaiit 
4t 
highly elgniflcant* Vforiatloat la th« Inftotlon ttpto 
8 hour txeataent wtxt highly slgalfloaat, twt tubctqtttat 
tjrtatiaeats w«x6 at pax. 
Xht poat-laooulatloa applloatloaa ot B«alatt 
appxaolahly xaduoad th« pex oeat lafaotloa tout aot to tbt 
extent as exhlMttd by the pre-laooulatloa txeatae&ta of 
this ohenleal, Benlate application at 8 home after 
laoeulatlon brought do«a the pex eeat lafeotloa to the 
alalmum extent of £9*84 pex oent followed by 0« 24 aad 48 
hottxa xeaultlng la 30,31, 32.55 and 36.31 pex eeat Infeetlen 
xeapeetlvely. Xhe pexoentai;® of Infeetlon »ae appxeolably 
laoreaaed at 2 and 1 hour txeataeata. F teat ladloate that 
•axlatlons la Infeotlon obtained due to poat-lnoeulatloa 
ehealoal ji^plloatlon were not algnlfloant. Coaaldexlag the 
gximd aTorages of pxe- and poet-lnooulatlon txeatmeatet 
although both tht txeatrnwita oooeldexably xeduoed the Infeotlon 
of looal lealon hoat» pxe-lnooulatlon applleatlon eaa ooxe 
effeotlve than the poet InOcmlatlon txeataenta. 
Oompaxlag the xeeulte desoxlbed abovot pxe-lnooulatlon 
txeatnenta Invaxlably have oheeiced the plant Infeotlon of 
the leeal lealon hoat more than the poat Inoculation 
epplloatlone In the oaae of a l l the ohemlcale teated. HoveTex* 
thle follax applleatlon of the ohesaloala affeeted the 
fig*2B. Kfftot Of soi l eppUeaUoA of UtUxmt 
p««Uoide« at diff«£«iit dosta oa th« 
Ylnts lafeotivlty 
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lafMtioa p«rotat«g« lBT«slablj so far as tha diftaraat 
tlaa latarrala ar« ooaotrnady axoapt at 2 houia batoia 
iaooulatlea* At thla iatarral of tlBa» tte txaatnaata with 
dlffareat ohaaieala hara laTariably xaaaltad la hU^ex 
paxotataga of iafaetioa (axoaptioa baiog Laaaato}* ilooagat 
tha fDUX Ghaaioala, fhlact and Baalata appaax to ba r^Xf 
affaetlTa la raduetag tba pax o«ftt lafaotloay ahaa appUad 
aithax bafof a or aftar ttia iaooulatloa* IhiBm* two ohanloala 
raduoa tha laftotioa to ^a aaxlnua axtaat akian appllad 
8 houra bafora tha laoouXatioa whieh ia aot trua la tha 
eaaa of tha o^ar two ehaaleala. 
2* tfMinlitf iffiiit wnU f^lUffifl g^  m i n t a l lyalnaig gnU94ait 
fh9 reauXta of thla axparlaaat ara glvaa la fabla 10 
aad IXIuatratad la ?lg*Sd« 
fha i^plloatloa of l^ hloat 10*a*» raduaad tha lafootloa 
aaxlauas to tha axtaat of 17.90 p9x eaat whan tiaad at 1000 mg/ 
10 oa par pat (3ao g of aoll) . At leaar doaaa tha par oaat 
lafaoUoa «aa higher l*a. 80#09 at 100 ag/pet aad 37,99 
per oaat at 10 ag (Flg,2a|. 
fttradaa aatna to haro l l t t la affaot oa tha Iafaetioa 
paroaataga •rmi ahaa appllad at th9 hlghaat doaa of 1000 ag/ 
pat (tha par eaat Iafaetioa being 7e,68^) (Plg,28B). 
F teat raYealad that tha dlffareaoea la tha par eeat 
48 
Sablt 10. Eff«ot of soil appUoaUoa of gsaoolar 
pootloideo on the iBfoetlon of J^» anajfaatieolor 
Chooioal 
Ihii&ot 10. a 
fuiadaa 10* a 
(Pernio al 
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55& 1/. 
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fig*29, BXftet 9t pjrt aad post^iaooulatioa foliajr 
tjr«alai«At« of PiurMan on th« lar««tloa 
puoMtagt and lafaotlTity of suiuiliMp 
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infMUon 4u« to dlff«f«at d08«« of fhlMl oppUoa^on 
woxo highly aigaifleant, whllo Tajrlatloiia obtalaod due to 
i^adaa txeataont wore el^alfleant, 
StHtttt 9B lyg t^rtB lUttl waahtta (ffw^itMUiaafliaX'*) 
I* PJfo- and pofft—Inoeulatlon troataenta ef aratfcale i^x-rrwrm^^rTwrmwrn^wTTi^fTi^ 
(a) iftUai MffUgftUffaa 
?iiradan 
!?ho jreauXta ajro proeoated In lable 11 and Flg«29, 
Pfo-lttoottlatlon foUas applloatlen of Toxadan 
oaepoaolon on the ounnheKp (jS« iMSll) plant a delajrod the 
ozproaalon of ^ystoalo ayaptoas lny 2 daySf IsiroapoetlTe of 
tlao lAtosral and the doeoe. Peat-lnoeulatloa tsoataente 
also delojrod the ozproaalon of ayatonlo vyaptoaa hy 2 dv ' t 
oxoopt i^a Foradan oaa applied aftef 3 and d daya of Tlrua 
laooulatloa at the doaos of 5t000 and S»500 ppai. All the 
other treatsonta with different doaea of thla ehealeal 
implied at different IntoTTala before and after the 
laoottlatlon did not Influenoe the peroeatage of lafeettd 
mvuMhtap planta approolably, when ooapared with the oontrola* 
HowoTor, the hloasaaylng of Infeotod aunnheap planta oa 
g. mum%i99ln* '•••«l«d the •arlatlona In their InfeotlTlty 
ae Influenoed by different troatmonta. She poat-laooulatlon 
appUoatl^a «S Toradan at different Interrala reroaled a 
50 
!Sabl« 11, Efftet ot px« and po«t->iaoouIatloii follfur 
tc«a^«nt o£ aaanhmLp nlaata with Jr^ aJradan (75^ «.?•) 
Iat«rTaI of , 
applloatloas }i 
1 
t % 
t 
f 
^tdlAftSiliUffl 
1 d ^ p£«: 
3 Aajfa pg9t 
6 dajr* prtt 
axaad aTtraga 
Ooatfol 
1 1 i i 
caiemioalJIaouba-Uafaotsd {QLsecMS Usaa pax 
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100,00 
100.00 
l«O,0O 
90,97 
100.00 
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• # • • 
+ 
+•»"•• 
•¥•¥•¥ 
••••f-f 
•¥•¥•*• 
•¥•¥•¥ 
38,31 
45,01 
57,28 
44,57 
47.72 
50.72 
27.91 
39.71 
43.66 
39,98 
100,00 
14,01 
33,69 
44,12 
29,70 
23,89 
47.99 
53,21 
55,47 
S5.82 
36.44 
100.00 
contd*. 
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Soture* of 
yagjatioa f t««t J l CD* at 
iBooulatloa 
i^>plleaid.oa 
latacval of 
applioatloaa 
HUtiljr 
sigalfieaat 
Coaoaatjratloas Slgalfioaat 
laterTalfl x 
Coaeontratloaa 
Highly 
oigalfloaat 
4«83 6.65 
4,83 
8.36 XU52 
Poet-
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latorTal of 
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ik'oa-
eigaifioaat 
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fi^.ao. Effaot of p^e and poa^lsoeulaUoQ foliax 
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ttftdtno/ towards ^ t gradual ris« la th« InfaetlTltjr of tlio 
iaooulatod plaata with tho iaoxoaao la tho tioo Intojrval 
botweoa txeatmeat and tho laoeulatloa. Tho lafoot lv i t / «aa 
highoot ia tho plaato treated € dajre after tho laooulatioB» 
IxroopootiTO of tho ohenlcal doooo applied. The pro^laooulatloa 
txeataoato ladloatod a roToroo troadt that la tho lovoat 
lafootlvltjr waa ohaorTOd ia tho plants treated 6 dajre before 
laemilatloa* 
Statiotloal aaalyala of data Indioato that the 
varlatloaa obtained ^ o to pre«-laoeulatloa Fiuadan 
applloatloas at different lnterval8» oonomtratlon and their 
interaotlona wore algnifioaat. In the oaoo of po8t«>lnooulation 
troatsienta Tariatlons due to intorvala of applloatloaa «ere 
not algalfieantt but different oonoontrationa Induoed 
algaifloant Tariatlons In infoet lr i t /* 
Xhe resulta are glToa In Table IS and llluatratod In 
Pig . 30. 
Pre-laooulation foliar applloatlon of Benlato on 
oanaheap planta invariably delayed tho appearanoe of s/atemlo 
syaptoos by 2 to 5 days. The ^;>plloatioa of highest ohemleal 
doae i . e . 3000 ppn, one day prior to Tlras Inooulatlon resulted 
In a aaxiflnia delny of 5 days in the appear anoe of syateolo 
aysptoBs. This treatment also affooted the number of Infeoted 
88 
!fftbl« IS, Efftot of pjr« aad post^inooulatioQ foliar 
traatBtats of Btalatt 7S|i W.p, oa tho Tijrus 
iaoubatloa in safiaheflip plaatOf ^/aptoa 
9xpx«88ioa aaA the iafootiTitjr 
1 T > ' f ' {Ofadoi ofSMtaa 
Ssyaptoas !ptx etat 
I SO days Uafooti-
latorral of !Cli«EioaIUaoab»- *,Por oaat i^plioaUoatJooao, injt ioa 
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lAoouIalloa 
appIleaUoa@ 
POBt-
laooulatloB 
applioatloaa 
Soiuroa of F teat 
Zatajrrals of Highly 
applioatioa slgairieaat 
OoBoaatxatioQS Highly 
signifioaat 
lat trrals x Highly 
Ooaooatratioaa aignifioaat 
iBteJTTala of Highly 
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soaahflBp plants sad rcduoed th« i n f t e t i v i t / to tlit aiairlwiMB 
•jctmt. As tli« ohBaloal ooaomtxatloa was rsduosd ths 
lnhll>lto£y efjfsets of this oiieraloal wsrt also zsduosd. 
j^plioatlon of BwiXats 8ur<p«a8ion 3 dajrs prior to inooulatioa 
dsletysd ths sxpreseloa of systsnlo ^ymptoas by 4 ds/8» 
irrsspsetlTS of ^ e ehsaileal ooaosatratloQt and ths iafsotlvity 
was also «>a8ldsrably rsduoed, Xhs ohsialoal was sffsotlTS 
la dslaying ths syaptoa sxprsssloa ^ 2-3 d^s oTsa whsn i t 
was Qpplisd 6 dajrs prior to iaooulation* With rsspsct to ths 
tins iatsrrals aaxijaua iafsotiTity was otossrrsd in ths plaata 
trsatsd 6 days bsfers ths iaooulatioa, sxospt whsa Bsalats 
was ^ p l i s d at i t s highest doss i . s . 5000 ppa* fhs plaats 
trsatsd at this ohsaioal doss iadieatsd aaxiaua iafsotivity 
iriisa ths ohsaioal was applisd 3 days prior to iaooulatioa. 
fhs 4yaptoa sxprsssion was iaTsriahly ailder ia alaost a l l ths 
trsatsd saanhsap plaats. ? t s s t iadioats that ths Tariatioos 
obtaiasd ia ths iafsotiTity dus to prs-iaooulatioa ohsaioal 
i^plioatioas at diffsrsat iatsrvals sad diffsrsat ooaosatratioos 
aod their iateraotioa wars highly sigaifioaat* 
Post-iaooulation Bsalats c^plioatioa iaduosd ths 
dslay ia ^pearaaos of igrstsaio syaptoas by £ d j^rs ia a l l 
ths trsatnsnts. Xhs psresatags of iafeotsd suanhemp plaats 
was also ooasidsrably rsduosd dus to thsss trsatasats at 
diffsrsat iatsrvals . She iafsot ivi ty was fouad to bs ths 
Isast ia ths plaats treated with 5000 ppa of 3«i lats oae day 
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ftftM looouIatloBf iihta bloass^yed on ^« aaagaatieolQr. 
Substgiumt txoataMiata at diff«raat dosta gaaarall/ ladloatad 
higbax iafaotivlty. Tha iBaxlmua infaetlTlt / la tha poat 
inoouXaUoa traataaata «aa obaarrad la tha plant a txaatad 
3 day* aftax tha laooulatlon. 
la tha oaaa of poat^laooulatloa appXloatloaaf 
•axiatioaa in inlaotlTity dua to dlftarant iatarrala, 
ooneantratiooa and intaraotlon aXfaota m9t% highly aigaifioaat* 
.ha raaulta axa praaaniad in labia i3 and illuatxatad 
in f ig ,31 . 
Pca*iaooulation aoil applioatioaa of thiaat, phorata 
gxanulaa dal^ad tha axpxasaioa of iyratv&ie ^jraptoaa by 
2-4 days vharaaa ia tha oaaa of poat-iaoeulatien tcaataaata 
tha dalay aaa to tha axtaat of S-^ d daya* OaaaraIXy« tha 
plaata txaatad nith tha highaat doaa of fhioMt i . a . 3000 aga/ 
380 SB of eoil took maxiauai tiiia for tha daTalopaaat of 
ayatffaio ayaptona, hut this doaa was iaTaxiably phytotoxie 
aa iadloatad by ti&a appaaranoa of aaxgiaaL foliar aoori^iag 
(without ioduoiog aortality) aithia lO»iS diqrs of applioation. 
Mongat tha pxa-inooulation traatmaata tha auanhaap plaata 
braatad ona day prior to iaooulatioa indioatad tha lewaet 
iafaotivity. fha pra-inoouXatioa appliaatioa of highax doaaa 
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tft^It IS* Efftot of px« and potWlnoeulfttiea so i l 
appUeatioa ot sunahttap plants with Thlaat 
phoiat* loa. 
ZataxTal of !C3iaaioaI 
cqpplloations J<to'' ^  
{og. 380g 
.8011 
t j 
% 
« 
1 day peat 
3 days pre: 
6 days psat 
araad avajra^ 
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5,000 
StSOO 
1,000 
5,000 
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1,000 
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2,300 
1,000 
Sa 
Pofi t*ino<{uIfiUon 
1 dajT poatt 
9 d^a poat 
d da]ra poati 
viraad avarai 
Coatrol 
5,000 
2,500 
1,000 
! 5,000 
2,500 
1,000 
t 3,000 
2,600 
1,000 
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r 
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12 
11 
12 
10 
10 
10 
10 
9 
10 
10.9 
6 
14 
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13 
10 
8 
8 
10 
9 9*8 
3 
J 1 
;B9X oa&t imaaaaa 
tiataetad j la tao-
'aaanhaaip laltjr £0 
.'planta 20 jda/a 
;daya aftac taftax 
! lao<n&latloa} laooula* 
48«00 
50,00 
60.00 
30.00 
S2.00 
68.00 
60.00 
60.00 
70,00 
37 ,50 
100.00 
57.14 
73.00 
42.32 
28.57 
57,57 
100,00 
28.57 
71.42 
7V42 
59.16 
100.00 
+>+ 
-¥•*••¥ 
-•••••• 
JMaaa 
Spar eaat 
U a f e o t l -
|Tlty 
« 
» 
* 
a 
39.56 
40.17 
56.51 
45.55 
46.66 
66.35 
44.53 
44,97 
61.13 
49.12 
100.00 
25.97 
37.48 
44.37 
21,31 
27.51 
51.78 
57,58 
38.10 
61.96 
40.68 
100.00 
oontd.. 
x«bl« IS oontd. 
applleations 
Pott- Iat«xTaa. of Highljr 
iftooulatioa applioatlons slgolfioaat 
applloatloas Oonctatratloas Highly 
slgalfioaat 
XavtxTala x Hlghl/ 
Oono^atrationt algalfioant 
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Sottjre* of ¥ t«at CD, at 
vagjation 5* J^ 
Px«* iQtarral of Highly 3*<^ l ^•^^ 
iaooulaUoa epplioatioaa aigaifioaat 
Ooacentrationa Highly 3.51 4.;i3 
aigaifloant 
lataxTals x Son- « 
Ooao€«itxatioiui aigaifioaat 
7.45 
10. £8 
i e .98 
10. S8 
7.46 
17,8B 
59 
( I . e . 5000 aad 8500 lag. ) lfX«8peotlT<i of tho tlzia of 
applloatioa wexo found to be more effeotive audi were also at 
par with eaoh other in reducing the infactivity as well as 
the auaber of Infeoted suAQheap plsntSf eoepared to the 
loweet dose ( i . e . 1000 ag. ) . In the ease of potst-inoeulation 
treatments the applioation of highest dose delayed the ejaptom 
expression aaximum by 6 days, the appXioatloa of higher 
doses (aooOand S900 ag. } were generally found more effeotlTe 
in reducing tbrn infeetlTlty of the treated pXaats aad the 
number of Infeoted sunnheap plantSt as ooapared to the lowest 
dose ( i . e . 1000 ag. )• As regards the intsrrals of oheaioal 
applioatlona, 1 day and 3 day post inooulation applioations 
were at par with eaoh other in their effeetlTenessy whereas 
the treataent of plants S days after the inooulation was not 
Tsry effeotive. 
Analysis of data indloats that Yariations obtained 
in the TircU. infeotivity due to pre->iaoeulatioQ £q)plioations 
at difXersnt intervals and different ooneentratione were 
highly signifioant. While in the ease of post«laooulation 
applioatlons» variationldUie to iaterYals» oonoentratlons aad 
interaction effect of ttiese faotors were highly significant. 
est of seed SOB^ K treataent of sunnheap with different 1 Kji'Kiii^jiiiiM'j »M»Aiii'*wricni? 
Three systeaic insecticides haTiag also the 
aeaaticidal properties and one systsaio fungicide were tested 
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t«8t«d fox 8Md 9oait tx«a«meata, Data regarding thair 
aativlxal afftots ara pxoaantad in Tabla 14 and Fig•32. 
FttTadan aaad aoaic txaatmenta of auoahamp dalayad tha 
at'paaxaaoa of e/atastio aymptoaa bj 5 dajra IxraspaetlTa of tha 
ohamloal oonoaatration uaad. Saod aoaklag with 1000 ppm 
eausad tha lowaat paroaataga of infaotad auanhamp plaata 
l . a . 31*57 and tha aympton axpraaaloa waa of mild t/pa. 
Hhex^aB tjraatmanta with highac dosaa i.a* 10»000 and 3»000 
ppra xaaultad in 4S.30 and 52,00 pax oaat of infaotlon* tha 
8/iBptoBi azpxaeaion baing modtxata and a9r9X9 xaapaotirely. 
Bloaoaaying of infaotivlty of aannhemp planta on 
^« aaaxantioolex indicatad no appxaoiabla effaot on tha 
Tixua infaetivlty aa tha laaat pax eaat infactivity was 
obsaxrad to tha axtant of 70.92 at tha highax doaas of thia 
ehafflioal. 
F taat indioatad that tha diffaxanoa in tha Tixua 
infaotlTity obtainad dua to diffaxant ohaaioal oonoontxationa 
m9X9 highly aignifioant. 
*^ ghittat phoxata 
Saad aoaking txaataant with Thioat auspaneion inoxaaaad 
tha Yixua ineubation paxiod by 4 daya, ixxaspaotlTa of the 
doaae* Aa xagaxda tha Infaotioa paxoantaga of aunnhamp planta, 
tha loaaat ohanieal doaa i«a. 1000 ppa waa found to ba moat 
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Xablt 14. iSfftot of eoakiog sttds of suaahtnp iilth 
different pestioides on the viral infeotien 
T TfHvM j 
rtteeaee Uneuba* ;?ejr eeat 
Uion {infeoU-{period iTity 
Um0 of 
dieoioaL 
T 
Ctieotioal 
lOono, in 
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5,000 
1,000 
10,000 
5,000 
1,000 
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52.00 
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60.00 
50.00 
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25.00 
50.00 
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13 
13 
1£ 
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12 
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10 
12 
11 
11 
12 
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55.00 
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59.96 
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60. 3S 
45.52 
63.24 
Control 100.00 + • • 100.00 
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Lanaate 
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F teat 
Highly 
e ignif leant 
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s ignif ioant 
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aignif ioant 
CD. 
a.95 
E.67 
8.15 
7.10 
at 
1^ 
14.34 
4.43 
13.48 
11.78 
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•fftoUv* as tli« p«<d«atag< of lofeettd suaahoeip plant* 
was 34,78 aftd th« ajTrnptoa axpxasalon «a« alao a i ld , Aa lb« 
ohtaioal doaa was jfaisad to 5»000 sad 10»000 pptt tht ptf oaat 
lAfaetloa »as also to tho «xti«at of 50,00 and 60*00 pat oaftt 
jrospaotiveljr with th« laduetioa of aodoxatt to aaraxa ayaptaaa. 
Tha traatBOAt with tha hlgbaat obaaioal deaa laduoad 
47.96 pax oaat lafaotlvltyt whaxaaa tha t«o loaar doaaa W9X9 
at paJT with aaeh othar la jraduoiag tha Infaotlvity. 
F tast Indieatad that tha difforaaoaa la tha Tltua 
iafaetivlty ohtalaad daa to diffaraat ooaoantzatloaa of 
Xhiaot m9x% fooad to ba highly aigaificaat. 
3, Laanata 
3unah«Bp aaad soakiog with tha lowaat ooaoontratloa 
( l . a . 1000 ppa) of Lannata «as fouad to ha isost affaotlTa, 
aa tha appaaraaoa of a/etoaio ajraptona vaa dal^ y^ ad by 4 daya. 
fhia traatnaat xaaultad la alaiaoa iafaetloa of aanahcntp 
plaati !*«• 33.33 par oaat aad tha azpraaaad ayoptoffls wart 
also of mild typa* Hlghajr ohonioal doaaa i . e . lOfOOO aad 
5,000 pp« W9g9 at pajr with aaeh othax aa 66.6 par oaat plaata 
m9t9 Infeotad. Saad tiraataaata with thaaa ohanloal 
ooaoaatzatioaa dalayad tha i^paajraaoa of ayataalo a/aptoao 
by 2 aad 3 days aad tea ayaiptoa ajpraaaloao wexa alao aodarata 
to olid* Bioaaaayiag of Infaet ir l t / of thaaa plaata oa looal 
laaioa hoat (J, aaaraatieoloi;), alao pxoTod that tha aaad 
txaataaat at tha lowaat doaa of I^aanata ( l . a . 1000 ppa) aaa 
tb« aoBt potant la reduolag th« vifus iafsotlflty to 
44*62 pef o«at, 7he higher eh«ilo«l dosts «•£• aot 
•XfootiTA la xoduelog th« virus lafeotivlt/ , 
Aaaljr«l8 of rariane* ladloated that th« dlffafaaoas 
la th« Taluas of th« Tirua lafootivltjr ob»ala«d dut to 
aood tceataoat at difforeat ohasleal ooaotatfatloat «ax« 
fouad to bo highly algoifieaat. 
4. Baplata 
At ladleatod la the table, the seed soak troataeat 
at the loivest dose i . e . 1000 ppa, deluded the appeaxaaoe 
of sj'stftslo symptoAs to a aaxlaua of 4 days aad oal/ 50 pex 
oeat of aaanheap plaats were fouad to be lafeeted. freatmeats 
with 5,000 aad 10,000 ppa ooaoeatratioo of the ohealoal 
resulted lo 25*0 aad 37.54 pax oeat lofeoted saaaheap plaats 
xeepeetirely. These txeataeats delayed the sjraiptom expxeesloa 
fox 3 days, aad the syaptoas v^ exe of aild typo IxxespeetlTe 
of ohealoal doses tested. Bloassayiog of these suaaheop 
plaats ladloated ttiat Bealate txeataeat at S,000 ppa jrlelded 
the least iafeetlTlty i . e . 45.52 pex e«it. 
She dlffexeooes obtalaed due to seed txeatmeat at 
diffexeat ooaoeatxatioas of Bealate wexe highly sigalfloaat 
as iadleated by >F* test. 
S«TMaL atl«Bpte hav« b««a aad« ^ •axloas woxktM 
to oontxol riKQ999 bjr using a Taflstyr of Qhtaioalt* raociag 
fron 8lJ }^I« iooxgaalo oa«s to oospXox ocgaaio ooapouaAs 
(Bawdofit 1954 and Xiooboastoldt 1972}• 33i« bottloooflk In 
aehXoTlag a pxopox oootrol of plant irlrosaa la tht mrattalo 
aatuxa of thoaa pattaegons (•ixuaos). In via* of tlila faot 
tha aystaoio paatloldaa whioh ara fjtaaljr txaaalooatad, onoa 
In tha plant igratam hara gxaat potantialltlaa aa peaoibla 
ehaiBothaxi^autanta agalaat plant rirua dlaaaaaa. Suoh 
paatloldaa aonalj, naaatloldaat inaaotioldaat fUogleldea and 
haxbloldaa vf^ thaxafora, taatad for thalr poaalbla antlYlxal 
pxopaxtiaa oadax pxaaaat atudiaa* 
A. In HJbKll atttdiaa 
Duxing tha pxaaant InYaatlgations 13 ayatonlo 
paatloldaa m9f aexaanad jj^ XllSft* ^^ ^ of wmoh 8 ohamloala 
poaaaaa both Inaaotloldal and a«tatloldal pxopaxtiaa, 3 a.^  
foogleldaa and S aa hexbloidaa. In oxdax to g«t a 
eoapxahanalTa Idaa about tba antlvlxal pxopaxtiaa* thaaa 
gxottpa of ohaaioala m9f taatad In vltxo and alao j j | YITO 
by follax and aoil s^plloatloaa on looal laalon boat 
^ffl9B94A«l «ianim<;iff491 Oeata& Kayn., beaidaa 
gIfllttliJf4a iaaftii !<•• « ayetaolo host. 
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Out of the a ohtmioals b«Ioagiag to ttio group of 
lAoteticldos fiad a«aatioidt«» Fofadaa, Laaaatt aad riiiaot 
-roTOd to be Tory effeetlYO lahibltofa of TMY lafeetlTlty 
in Yl,tgo. without leaTiog aay ph/totoxio effeot on the teat 
plant, J2, aaajfftfltioolor. Lannate «aa found to be aoet 
effeotiTe antivixal ohemioal as the per oent infeetlvity was 
ae low aa 31,5£. Thia oheaioal eren at i ta lowest 
ooneentratioa i . e . 10 ppra inhibited the viral infeetlTlty to 
the aaximuQn extentt so auoh so that the obsexTed infeetlTltjr 
«aa only SO.27 per oeat. Biiaet was found to be next 
•ffeetlYe inhibitor of viral ittfeotlvity« when used as a 
diluent of inooulua, giving 46.53 per oeat infeotivlV* 
Deraour also resulted in appreoiable reduotion of viral 
infeotivity QM Vxm infeotivity reoordedwas 55.3£ per oent* 
iiteen Furadwa suspension was mixed with virus inooulumt 
i t influeneed the infeotivity to the extent of 58.91 per oent. 
I'eaik and Meaafos ware not found proaising as Inhibitory 
oheaioalSt while ^ea i ea l s l ike Dupon* t 1642 end Cupoa* t 
1410 stioulated the viral infeotivity. Theas oheaieals are 
aost effeetive at ^ e i r lowest doses i . e . 10 ppa (namely 
Thiaet, Laanate, reraour, Dupon*t 1410 and Dupon*t 1642)« 
exoeption was Furadan uhioh inhibited the infeotivity of 
the vixus to the aaxiaua extent at the highest oonoentration 
i . e . 1000 ppa. 
Pttblioations wfaioh deal with the direot effect of 
systeaio pesticides on virus infeotion aad aultiplioation are 
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••xy ft«, W««xazatb9 (1961) ztpoxted that a/sttmlo 
iii8«otieid«0 namely diisethoatt aad systox stiauXattd 7MY 
loXectloa. Baring the preteat Inrestigatloas tivo oheaieale 
i . e . ISupoa* t 1642 and Supon* t 1410 behaved aiallajrijr a« 
• ixa l etioulaate. The other ohemioals were fooad as 
iohlbltore of Tlrue iafeetlTity J^ SLkSIL* Bl&sseaaek aad 
Fledorow (1969) also ohserred slight redaetion (upto 15^) of 
TfiV infeotlTitj when Metaeystox, an iaaeotiolde «ae used aa 
diluent of Tiral inooulum. 
Three eyeteoio fungioides aaaely Bealate» YitaTax 
and Plantvax were also soreeoed jjn vitro^ All the three 
oh^aicale have strong antlTlral property. Benlate was found 
to be the aoet superior inhibitor of Tiral infeotivity. The 
infeetivity was as low as 36.97 ^BX cent (63.03^ inhibition). 
Vitaveuc also appreoiably inhibited the Tiral infeot iTi^ as 
the infeotivity was reoorded to the extent of 48«43 per oent 
only. Although there i s no earlier r^ort of testing these 
3 fungicides as diluents of Tiral inooulum, Sohuster (197S) 
found that VitaTax treatment soaetines ooapletely suppressed 
the deTelop^ent of systessio syaptoas of potato Tirus X and 
potato Tirus Y. He oould not obserre any such effect by 
Plant Tax txea^ents on the disease syndrMie, The present 
InTestlgations indioated inhibitory properties of FlantTax* 
though i t i s l e s s effeotiTe than the other two fungicides, 
thereby oonfiraing the earlier findings of Sohuster (1972 ), 
A oonsistent trend obserTed with these ehemioals was that they 
67 
«•£« most efftot ive inhibi tor of Infeotivlty at thei r lowest 
oonoentration ueed i . e . 10 ppm» as the oheaioal oonoentration 
was iacreased, the virus inhibi t ion decreased aooordingly. 
i^hie e8t.ablishes an InTereely proportional rolationship 
between ch^iical <K)ncentration and the virus inhiol t ion, 
Vejeaa and Singh (1971) reported that Vitavas at 100 ppa very 
effectively inhibited the bacter ia l nrrowth of XanlfhomonaB 
'^ r»ivqf^«nrum, when Incorporated into the mediuia. They reported 
that Plantvax at higher ooncentration ( i . e . 1000 ppm) checked 
the bacterial growth. Benlate woe not found effective. 
Syetemio herbicides enjoy a r^xy prominent position 
eunongat the plant protection chemicals. Xwo oh®0ical8 of 
tills group naaely Oeradiaslne H722 and Herbicide No.5 were 
tested jyi v i t r ^ . iierbiolde No,5 was found to be an inriibitor 
of v i ra l Infeot ivl ty , the infeot ivl ty was observed to be as 
low as 13.33 p9K cent only at the highest ooncentration i . e . 
1000 ppm. Ceradisine 11722 was found to be a promising 
inhibi tor at 1000 ppm (41,06/^ in fecUvl ty ) . The Inhibit ion 
of infeot iv l ty by t.'iese chttaicals was l e s s at the lower 
doses of these cheaioals. 
i^ he ^ v i t ro screening of systemic pestioides 
indicated that these ohemloals inhibited the produotion of 
local les ions , to the extent of 41.09, 53.42, 58.46, 44.t>d, 
20.18, 18,13, 63.03, 39,98, 51.57, 37.S7 and 81.50 pex cent 
in the case of /uradan, Xhimet, Lannate, Teracur, i'emik, 
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Smafotf B«nliit«» PlaatTax, VltaTnz, Qefadielnd H7SS aad 
ii0xbioido^» s«»peotiyely« It ol«arl/ show* that th«a« 
oyataaio pestioiaea when u««d aa dlXuaats latarfajrad with 
tha pxooaaa of iafaotioa. Iha inhibition of iafaotivity 
vaxiaa with tha oonoaatxation of tha taat ohaaiaal. In th« 
eaaa of Furadan and tha two harhioidea naoal/ CajEadlKlna 
H7SS and Harblolda*5« higher peraantaga of iahibitiott «aa 
obaaxTad at higher ooneaatxatlon (1000 ppm)* Thia iadloataa 
that tha inhibitory effaet of thaaa paetioidea la due to 
their oontaet with the Tirua partielae. Moat of the other 
peaticidea iheaad a rereraa trandt that la tha inhibition of 
infeotivit^ of tha virua «aa oara at the lover oonoentrationa 
and the Inhibition aaa raduoad aa the oonoentratioa inoreaaed. 
^oh a phenoisenon« howevert reaaiaa unexplained. A third 
group of theae ohemicala are those whioh atimuXated the 
infeotion auob as XSupon* t 1642 and I]upon* t 1410. 
In order to further InTeatigate the effeot of these 
eheaioala on viral infeotlTlty, pure aotive ingredieata 
(teohnioal grades) of the peatioidea nanel/ methoayl and 
beaooyl were ueed aa diXucmta. These alxtures were stored 
at 40 and 10^C for different durationa and bloaaaayed for 
i n f e c t i n t y on ^. anaranU«pl(^j^. I t reTealed that aethoayl 
»aa more effective in reduoing the viral infeet lvity when 
the mixture was kept at higher temperature i . e . 40^0 
(average per oent infeotivity as 32.25) than benomyl (average 
per oent infeetlvlty as 42.26). rhe reduction in virua 
yig»39* EL«otjroa aioxograph of puxlfi^A 
1!MY X l£e,000 
FIG. 33 
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la f«ot lv l t / was more with th« longex oontaot peciode of 
these diemleale, iadloatiag the possibi l i ty of a dijreot 
effeet oa the vijcus partie les . I t spears that highet 
temperature (40^0) iadueed more inhibition of infeetivity of 
virus partiolest nrobably due to thrir aggregation in the 
inoculum, as was evident from Fig. 3. . 3eigel ond <;aitlin 
(1934) postulated that only one Tirus particle participates 
in the convoraion of an infectible s i te to an infective 
oentrSf the other particles when aggregated to^sether rei^ce 
the infeotlvity of the inoculum by Halting the distribution 
of particles to infectible c i t e s , aanti l l i (1931) suggested 
that reduction of infectivityr in the presence of Ml-^A 
protein or reoonstitution of non-infectious TMV i s due to the 
aggregation of virus particles in the inoculum. 
Malytioal ultraoentrifugation of aixtures of 
purified virus preparation and the active ingredients of 
pestioides, namely, aethoayl, benoayl and phorate gave 
interesting results . IThese studies indicated that addition 
of phorate or aethomyl in the purified virus preparations 
decreased the values of sediiMntation coefficient to 69 and 
S3St respectively as coopared to their controls having S 
values of 71 and 100 respectively, fhe reason for such 
differences may be the increase in the viscosity of the 
saaples as ccoipared to the controls. Oonsequently the rate 
of sediaentation in the controls reoiains higher and so the 
peak on the Sohlieren's optics aoves at a greater speed, ffee 
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additloo of beiiom/1 to virus praparatioa resultod la tho 
app9&raao9 o£ a dist iaot dlaor po«3c of 1145 aad a moaoatx 
poak of 74S whioh la tlia saat as that of I t s ooatxol. fht 
aggrsgatloa of bxokaa paxtlcaes as a jrasult of tht aotlon 
of beaoA/l megr fssult In tho appaavanos of th« dl&ar poak, 
th9 algalfloffiit dlffocaaoes la 3 valuaa of dlaar aad moaoaex 
paaks indloatas that dinar peak moras at a fastar ^asd. 
iQOubatioa of soaplss at 35^0 for 4 hours* tsada 
to Inertaaa tha sadlaaatatloa ooaffioloat probably baoauaa 
of aggregatloa of Ylrus partiolas IrrsspaotlYn of tha eoatrols, 
Phorate havliig aa o i l baaa rtsulted in total aggrsgatlea at 
35^0 whaa leapt for 4 hourst aa ao paak appaarad. Iha s sa l l 
sMouat of aggragatioa of rlrus partiolas I f ooourrad la Uia 
sasrpla Just aftar mlxlog, i t would aot be detected by this 
proossst as the lower detectioa«>llmlt of the anolytioal 
ultraoeatrlfuge Is 5^ of the naterlal used la the test . 
To OTeroome this dra«baok» slttllar samples were also 
exaolaed uader electroa mleroseopc, Xhe eleetroa mlorosooplo 
ebserratlons lodleated that purified virus preparatloas aixed 
with phorate eachiblted total aggzegatloa (ng.SS} of 
partiolas la the e l l / ehe&loal due to #iloh no obserratioas 
eeuld be takea oa the effeet of particle morphology, ooaflrmiai; 
the obsenratioas made with ^ e aaalytleal ultraeeatrifuge* 
Samples mixed with Furadaa (76- W.P,} aad iaeubated at 3S^ C 
for 4 hours Indioatsd ao slgaifloaat effeot oa the morphology 
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of Ylftt0 pajrtloles (Fig*S3). B«aomyl and nethoayl «h«a mix0d 
with tbo pttxiflod Yims pxepaxatioas and stored fox 4 bouxa 
at 35^0, laduoad teaaking of tha XiV partiolea Into anaXlac 
ffagaaata (e5-e7S am) (aridaat from Figa. 15, 16, 18 aad 19). 
Iha paroantasa of theaa pajrtlolaa balow tha aocmal leo^^th 
waa oaloulatad aa 63.239 72.35 aad 44.98, in tba oaaa of 
bonoayl, aethoiayl and oontrol (parifiad Tirus mixad with 
diati l lad aatax), xaspeotlY«Iy. ?roa tha hiotograB (i?'ig.l4) 
i t Is oTldant that tha bxaakaga of paxtiolaa «a8 moxa in the 
oaaa of methornyI, hut in the oaaa of benomyl whioh haa lower 
pereentage of aboorfflally short partioles (23-273 ao), 
peroeatage of partioles of ataadard length (arerage 300 nm) 
i s about 23 per cent (Pig*17), This might be the reaaoa for 
the appearanoe of a diatinot diaer peak obserred b/ 
analytioal ultraoentrifugation. In the ease of aethoayl the 
virua partioles of atandard length were only 10 per eeat. 
In addition to this the aaaplea treated with benoayl indioated 
aggregation of Tiraa particles. A oorresponding infeotlTity 
test of theaa saaplea indioated that the pereentoge of 
infeotlTity was oonsiderabl/ reduoed in the saaplea treated 
with benoi&yl and aethooyl. 7he average number of local 
lesions pQi leaf of Sc* aaarantloolog. were 18.60 and 13.40, 
reapeotively. 
Uulett and Loring (1965) and Franoki (1966) reported 
that short rods, which are, in fact produoed i ^ aiti^. though 
not infeotioue by theaselves, aay eahanee the infeotivity of 
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ol nomal iaftotlous petrUoI^s of 300 aa. Pf«8«at studios 
indloatod that these sanples have high ooaoeatjration of short 
paxtleles* i t appeaurs that iafeotlTltjr of the saaples i s 
inrejFsely correlated with the percentage of virus particles 
below the normal length, the findings of Steere (1963) and 
Coomoaer H ^i* (196S) indioate that tfSV partioles shorter 
than the standard length (300 am) aar aot induoe local lesion 
formation as the/ are noo-infeetious. 
£arUer Cadman (1960) reported clumping of i^ V 
partioles when mixed with taanio aeid and observed under 
electron aiorosoope. Kecentlyt Hutinga and Mosch (1974) 
reported that the Potato virus Y (PYY^ )^ particles were broken 
in the presence of stagaesius ions, due to proteol/tio aotlvity, 
which i s a reversible process* However) the breakage of 
TMY partioles J^ ^itrq due to contact with systenio pesticides* 
observed during the present investigations, i s an irreversible 
change in the aorphology of B(V rods* directly influenoiag the 
infeotivity of the virions, 
l a T^tfo studisst o<»tduoted with the aysteaio 
pesticides and their active iasredientsv with the help of 
infeotivity teat, analytioal ultraoentrifugation and electron 
microscopy, clearly revealed that these oheoieals hindered 
the process of infection by their direct contact with the 
virus partioles. 
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In ocd«x to ctad/ tti« •fr«tt of th««« ptsUoldts oa 
tht Tlxtts iAllXft ox on tho hoot iiisofptiMlltj* ?iicftAaa» 
Laaaato* 7hlaot and Banlata »•«• appXiad %e both Xooal laaloa 
ao wall aa qrataaio hoat, bj foXlaf aad aoiX appXiaatioaa* 
?oXlax applioatloaa of BaaXata pilox to iaoouXatlBg 
tha Xooal Xaalon hoatf £• f ayatiooXog laduoad aoaa aort 
of jraaistaaoa In ^a hoat to iafaotioa* Sha infaotlea «ao 
13*48 pax oaat aran ahan tha ahaaieal ipplloatloa vaa sada 
48 houxa pxlox to Tlxua laoouXatlon, Stila oXaaxXjr ladleataa 
that BanXata affaota tha hoat aaaoaptlblXityt ladualng a«ia 
aoxt of laalataaea in tha hoat. Thiott aXao faXXa uadax 
tha aaaa oatagoxyt hut la X999 affaetlTO aa inhlhitox of 
Xooal Xaalon pxo<^otioA, 7ha avaxaga paxaaataga of lafaatloa 
la thia oaaa waa to tha axtant of 89*13 pax oaat and tha 
aztaat of Infaotion xaaalaad aa Xo« aa 18*49 pax oaat avaa 
ahan the ohaaioal waa q^pXiad 48 houxa pxlox to vlxaa 
InoouXatloa. Furadaa and Laaaata i^paax not to ha aa affaotlTe 
aa tha aboTo aaatloaad ahaalaaXa aa tha avaxaga lafaatloa 
obaax^ad in pxa-inoouXatloa txaataaata m^gt 43*77 aad 53,99 
pax oaat, xaapaetlTaXjr* fha alalsua paxaaataga of lafaatloa 
l*a. 19*48 and 34*56 wg% ohaaxrad la tha aaaa of Fuxadaa 
aad Laanata» xaapaotlvaX/f ahan appXlad eaa houx hafaxa 
InoouXatloa* SuhaaqaaotXy aa tha tiaa lataxraX hatvaan 
ohemiooX appXloatlon and vixua InoouXatloa aaa aoxa tha 
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ptjro«atage of inrtotion was also laoxtaatd. 
Two oystttaie pesttoldes aT«lXabI« la gxaaulax f0x121 
i . e . Puradan and Thlaot waxa applied through the so i l and 
24 houure Xatet looal leaioa ho«t, ^. ffftftC^U99l9J^t *»• 
iaooaXated* The reaulte indicated that Thiaet ie a verjr 
effeotive iahibitox of infection at i t s highest ooncentratioa» 
as the per cent infection wan only 17.50. As the oheoical 
ocaoentratiott was reduced the inhibition of infection was 
accordingly reduced. Puradan gave a similar trend of higher 
inhibition at higher chemical dose* but was not as effectire 
as Ihinet. Fre->iaoeulation application of fhioiet and ir\iradan 
inhibited infection probably by conpeting with the virus for 
receptor d t e s , as was suggested by 7an Ka»aen ^ ji^. (1961) 
when inrestigating the effect of an inhibitor from carnation 
sap. 
^he post-inoculation fol ias applications of these 
d&emiosls at different tine interralst were attempted and 
the reftilts indicated that these treatusents are l e s s effective 
than pre«>inoculation application. Lannate and Tidmet 
reduced the viral infection only i f the time intervals between 
the virus inoculation and chemical applioation was short i . e . 
0« 1 and 2 hours. The minimum percentage of infection 
I . e . to the extent of £4.11 p9X cent waa observed in the case 
of 'J?himet, when applied after one hour of inoculation and to 
the extent of 28.05 p^x cent in the case of Lannate when 
applied Just after the inoculation. Furadan on the other hand, 
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sUmulated tho lafeotloa wh«a applied 2 and 8 hours atUg 
the iaoottlatioa. Bealate «diloh was found to be ret / etfeotire 
in pre->inoculatioa treataents, inhibited the virus iafeetion 
signifioantly, evm when applied 4d hours after inoeulatlon 
(36.31 oer cent iafeet ioa) . 2he applieatioa of Bealate 
0 and 8 hour after iaoeulation» furlftier reduoed the pereeatage 
of inieetion i . e . 30.31 and S9.34 pet oent, re^eot ively . 
2hie seeas to indioafte that Bealate besides being an effective 
inhibitor X& «itu also affeoted the virus aultlplioation 
i|tt vivo. i*he low peroeatage of infection as a result of 
a hours post-inooulatlon application of Benlate seeras to be 
due to i t s inhibitory effect on the protein syntiiesisi which 
according to 2.ech (1956) starts by the 7th hour after 7M7 
infection. Fry and Mathews (19G3} further reported that 
infectious material migrated into the aesophyll ce l l s at 
least 4 hours after inoculation* Tirtiereas the f i r s t newly 
Blade virus appeared in the inoculated epidei^is of white 
3urley tobacco after about 7 hours. I t i s probably at this 
stage triat the protein syntheais* ^ i ^ i s required for 
ooapletlon of virus particles , i s affeoted. Sisler (1972) 
reported that Benoayl rapidly inhibited the WJA and protein 
synthesis in uMg!atai?9ay?f,fl oaatorianus. 
In order to further investigate the effect of these 
chemicals jj^ yi„Yq on the infection, symptoa expression and the 
infectivity of the syetetaic host, Furadan, t?himet end 3enlate 
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««r« used aui pro- and poot-iaooulatioa appXlcatioas at 
differ«at duratloas and diffaxaat doaaa. Xiilaet balng a 
gxaaulaif foxmujtioa waa appllad through soil* whaxaaa tha 
othar two obaalcala 'Vf uaad aa foXiax applloatioaa. 
Oompaxiog tha aYaragaat pra-iaooulatloa traattaaats 
lATaxiably provad mora affaotlTa in xaduoiag tha paroaataga 
of iafaotad sunfihaap plant8» ixraapaotlTa of tha ^amloala 
uaad (tha pexoeataga of infaotad planta t Pujradaa 79*15 and 
95.37 par oaat» Baalata 53.8a aad 54,69 par eaatt Thiaet 
57«56 and 39*16 ^ex oaat la pre- and poat-lnooulatlon 
eppUeatlonaf raspaotlYaly), Intaraatlagly tha par oaat 
Infactivity of tha traatad auaahamp (j2« iuaSid) plaatat aa 
bloaaa^ad oa j^. aaarantleoler* ho«aTar« gara a dlffaraat 
tread. Xha lafact ivity waa lavarlably raduoed mora* la tha 
oaaa of tha plaata whloh were treated after the Inooulatlon 
(per oeat lafeotlvlty In the oaae of Furadaa 36.44 aad 39.96 
per oent, BeaXate 61.30 and 70.75 per oeat, Ihliaet 40.68 
and 40.1£ ^BS oeat In the poat and pre-laoouXatloa treatnientat 
reapeotlveXy). 
Dhe ^yatealo bloeldea teated, are geaaralXy more 
affective at their hlgheat doae (3000 ppa), In reduolog the 
nuaber of lofacted auanhemp plaata and aXao the lafeotlvlty, 
aa bloaaeayed on j^. aaarantlooXor. ?he exoeptlona aa obtained 
In tiiese exnerlaenta are, however, diff icult to explain. 
In delaying the expreealon of eyat«alc nymptosa on 
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saanhe&p plants* pre-laooulatioa applicatloa ol fehea* 
dxtmio&Ia proTdd to be isort efftet ive than the poat*iaoouIation 
appXloations. The aYatage iaozaaae in iaoubatioa period la 
daya ia the oaaa it Bealata waa 5 . / aa-i ?. )\.x'id la Thloet 
«aa 2,4 aad l .S in pttf and poa&>iaooulatioa txeatsenta 
xaapaetively, Pra-laoeuXatloa txeatrienta with Bealata reaulted 
in the delaying of ayai^ toA expzeaalon aaxinxua to the exteat 
of 5 days whan the higbeat doae (5000 ppa) of this eheaical 
waa applied one day pxioif to inoculation. She pre-* and 
poat-iaooulation ^jcea^eots of raradaa* delayed the aysaptoa 
expreaaioa by £ de^ys, IcreapeetiTe of the tine of applioatioa. 
She applioatioa of tnia ohemioaX at the lower ooa^eatratioaa 
( i ,e« 2500 and 1000 ppen) waa leaa effeotire as the InfeotiYlty 
of the treated planta waa high and the ezpreaaed ajnaptoaa 
were alao of aeTere type, MoreoTer* i t waa alao obaerved that 
in-
the iateaaity of ayapttMia ia^depend eat of the Tirua iafeetiTity 
aa the plmta ahowiog »Br9X€ ayaptoma oa bioaasayiag yielded 
lower iafeotiTity aad viee veraa. 
^ i l application of i!hiaet 10'^  graaulea* one day 
prior to inoeulation, oauaed a aaxiaua delay of 4 digra in the 
expreaalon of ayattKiio ayaptoiaat vhereaa the ^motoma were 
delayed for 2 AetyB in ^ e oaae of those plants whleh were 
treated 3 and 6 days before inooalatlon. fhe poaWiaooalation 
^plioationa gave the beat reaulta by delaying the aynptos 
appearanoet maziaum for 6 daya* and S daya when planta were 
treated at 1 and 3 d^yatreapftotivelytafter the inooulation. 
A\>^^' 
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The p«r ooat iiir«otioa and total lafeoUvltiy was also 
raeordsd to be ntloiaum txom these tjr#ated plants (28«57 per 
cent Infeotion and 21.31 per cent Infeotivlty ibea treated 
3 days after laoculatioai 4e.8£ pet oeat inieotion and 
£5.97 per eest lafeet lvl ty when pleats were treated the next 
da/ after iaooulatioo). These results are in agreement with 
recent findings of Niasi ^ sk» (19''^) on antiviral properties 
of f hi net phorate. Soil application of ;Dtiittet at 5000 mg/ 
380 g of soi l was sl ightly phytotozio as indicated by the 
appearance of marginal fol iar seorehing. In the case of 
Benlate treated eunnheap plants, the eyapto:n expression was 
uniformly delayed by £ days* Furadan applieatlon also dela/ed 
the appearance of syoptoas for £ di^s when applied 1 day 
after inoeulation. Ihese studies former indicated that the 
optimua tiate of Furadan application in order to get a aazimum 
inhibition of Tirus i s , 6 days before and one day after the 
•Irus inoculation, fheas tireatments resulted in aaxinitm 
inhibition of infection as also tiy> infeotivity, 
Ashworth and Sheets (1970) reported that a aa^or 
portion of cheiaical, earbofuran does not penetrate readily 
through the plant cuticle and i s therefore not subjected to 
plant aetabolisa* This Tlew was further confirmed by 
Koland jii j l . . (1972). They c^plled earbofuran (C^ )^ topically 
to tobacco leaTee and reported that earbofuran (G ) when 
absorbed into tobacco plants, aetabolized with a half l i f e 
of about 4 days to 3->hydroxyoarbofuren and 3 ke to earbofuran 
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b/ prog««8«lT« oxidatiott. All thc0« earboaatts w«r« 
hydJrol/s9d to %h9ix oorr«»pofl4iiig phaaolst thM pbMoXs aad 
3-ta/cLcoj(y oarboloraa ««f« tlnta eoajugattd as gl/eoaidas. 
m« aazimua iahlbltloa obtala«d nban Fuxadaa was applied B 
days bafora isoeulatioa i s ^ s to optiiaal absofptiea of tha 
ohamioal during this pedod by tha apidanis aod i t s 
ooavaraioa to phaaols, «^lob hare baaa proved to lUaotion as 
iakibitojcs of iafaetion aad iaMbitora of virus iaoraass. 2ba 
faradaa applioatioa at oa« aad 3 days befojra iaooulatioa sas 
not fouad Ysry effaotlTS for virus iahibltioa probably 
bsoauss thsss iatarvaXs s ight bs too short a duratioa for 
optimal absorntiOQ of ths ehSBiioal through ths outiola« aad 
their ooaTsraion to the respeotiTO phMols ia the plaat systea. 
i^ hese results iadioats that Furadaa as suoh has ao direot 
effeot oa virus partioles but the iahibitioa aay be ^ e to 
eoaversioa of oarbofuraa to pheaol duriag the plaat metabolisn. 
The so i l applioatioas of Ihiaet, at i day before and 
1 day after the iaooulatioa were fouad to be siost effeotive, 
as iafeotioa peroeatage aad iafeotivity of the treated ploQta 
were reduoed to the aaximua ezteat* The iahibitioa was 
reduced with the iaorease ia tiae iaterval between iaooulatioa 
aad ^pl ioat ioa of rhiaet. BealatOf however, gave a deviating 
tread* as oae day pre~iaooulatioa treatseat iahibited the 
iafeotivity to the aaxiaua exteat, the aaxiaua iahibitioa of 
iofeotioa ia poet-iaoeulatioa treatmeats was reeorded ia the 
plaata treated 6 d^ys after virus iaooulatioa. 
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th» fo««goliig laY«atlgatlon8 pxored th« aatlvlzal 
pjropejrti«0 ot thes* agrstiBiio p«stlold«a wh«i a^plitd as 
px«^ aad pest^lnoeulatioa tseatoaats ei^iar through :foXiax 
or soi l appUeationa. Thasa pcoaialag raaulta waexantad 
further atudiaa en the effaot of thaaa ehaeiioala OQ tha 
infaotion and iafaetlTlty of planta raiaad from the aaada 
whioh vara ohaaioaXly soakad prior to aowlng. 
Sunaheap plaata raised frm aaada soakad in diffarant 
ooAOantratione of tha ohaaioaLa lika Furadaa» Xhiaat» 
Lannate and Banlata ware iaooulatad with tha virus. Tha 
auanhttup seed treatment with theae ohamioale aeema to offer 
a definite protection against the infeotion of M7 and 
ooatinua to inhibit the i n f e o t i v i ^ of the virus to a great 
extent* Benlate prored to be the most potent inhibitory 
eheoioal aa the average peroeatage of infeotion of sunnhetap 
planta was ainimusi i . e . 37.31 per oent and average infeotivity 
aa bioasaa/ed on G, aaaq^anti^oloif was 56,37 pex oent, besides 
causing a delay of 3-4 di^s in the eynptcw expreeaion. The 
expreaaed symptoms were also of mild type. Plants raised 
from treated aeeds with Furadan, Thiaet and Lannate also 
afford aignificaat protection from the infection of m^ 
aa aymptom expression was delayed for 5, 4 and 3 days, 
reapeetiTcly. Besides theaverage percentage of infeotion 
was obaerved aa 41.99, 48.S6 and 53.5 per cent in the oaae 
of ii'uradaa, Thimet and Lannate, respectively. The multiplication 
of the virua was also signifioantly inhibited due to seed 
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treatffisnt n i ^ Thlmet and Laanate, as trldonocd by th« 
iafoeUvity bioafisi^ed OQ 2* satkxantioolot (avexage 
infeotivi iy 52.83 and 55,26 per o@at« xeopeotlTtly). Although 
Furadaa reduoed th« Infeotlon to th« maximum e%fa% but vaa 
not found to bo effeotlTo In reduoing the iarootlvlty as th« 
averago infsotlirltty rooorded was 32,83 pex oent. Ssod 
txoataeat with diffexsnt doses of these blooldes indloated 
that the lowest oQaoentjratlon ( i»e . 1000 ppa) proved to be 
•exy effeotlye la the ease of FaradaSf rhlaiot and Lannate 
as the Infeotloa and InteotlTlty of sunnhersp plants was 
xeduoed to a mlniaua level of 31«57t 34.78 and 33.3 pnx oent, 
xespeotlvely. In ease of Thlmet and Lanaate the percentage 
of Infeotlon was as low as 55.00 and 44.02 per oent, 
respectively. Senlate was found to be more effective only 
at the higher doses I . e . 10*000 and 5,000 ppra as evidenced 
by per oent Infeotloa which was 37.54 and £5.00 and by pet 
cent Infeetlvlty which was 60.36 and 45.52, respectively. 
Thapllyal and i lnolalr (1971) reported that after 
seed treasont of soybean, benomyl and ohloroneb were 
translocated In the cotyledons at f i r s t , twt 4 days later 
ohloroneb moved into the hypocotyl sad ootyledons while 
benoayl moved only into the epiootyl. the slow translocation 
rate of beniKayl Xgom. treated seed to newly emerged seedling 
probably i s the reason why Benlate Is effective for seed 
treatment only at higher cono en t ration. Mogul re luid Ooode 
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(1970) reported that treatoent of oaooaber and blaek • / • 
OQvpoa ooeds with beaoayl did not affect tobaeoo riog spot 
Tiraa iafeotlOQt but waa lethal to Xinhiaaaa aaerieaaua> the 
aetaatode veotor, The preeeat studies afe ^ e f irs t report 
of lahlhitory aotloa of beoomyl oa TdY iafeotloa whea applied 
as seed treataeats. Maude aad X^le (1970) reported Uiat 
pea seeds treated with beaooylt ooatrolled the seed-borae 
aeaatode /tehtrlff<lffnft44tff JKlliaUf <»«*»• ©^  »hlte Up disease 
of rioe. 
l a XklXft studies iadieated that Furadan hindored the 
prooess of iafeotloa when used as diluent of infective sap« 
Electron i&iorosoopio exsminatioa howerert indicated that 
l^ uradan as such does not have aay direct effect on the 
morphology of virions (JPig«S3)« Pre^inooulatioa fol iar 
treateents (with wettable powder foroiulation) and also so i l 
treatments (with granular formulations) indicated significant 
inhibition of local lesion production when the ohemioal was 
applied at the higher concentration. Post-inooulation 
applications on the other hand were not found effective, and 
at certain intervals even stiwilated infection. As 
carbofuran inhibited viral infeotion in pze-inooulation 
treatments only* i t appears to oompete with the virv@ for 
receptor cites* as suggested by /an Kmmea jgX ML» (li^t>i)« 
Ihe pf^ and post-inooulation foliar treatments of 
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9jrstflBio hostt mtkahmp plaa%s» (LAa^wA «h« «^ p*Mra&e» 
ot «ystflBio iQrapWat gta«xalljr by 8 d«f«* Th» iaftotlvity 
oX th« titattd plant! ««• eigalfloaatljr x«duetA Mid tht 
iaftotivity ««• Itast iih«ii this ^cBieal was appll«d $ A^ftt 
b«fox« ojr 1 dfi^  aft«x th« Tixua iaooal«tioa* fjrw th«M 
z«8ulti»» i t ipptazs that oas^oXataa ia aot abla to abaok ttit 
iaf aetioa of aaaahaap plaata but iafluaaoad tha auitiplieatiaa 
of tha Tifae i ^ yi,Ya bj aigaifiaaat fatuotiaa of iafaatiVitj 
of tha traatad plaata* ?ha affaotivaaaaa of traatiaaata «*da 
6 diQra pfiax to laooulatiea indieatad that tha oeaTaxaiaa 
of oaxiwfuxaa to phiaol in tha aatabolio pathaa^ r (Holaad 
^ AL* i97£) pirobabljr aakaa tha aoaditioaa aoA«»ooniuclTa fox 
tha Tirua aultiplioation. Iha iataaaitjr of a/atptoaa vaa 
pcobabijr iadapandant of tiia iafaetivity of tha iafaotad plaata* 
aa pXaata ahaaiag B9wr% igraptoaa yialdad lea paieaataga of 
iaf aatlYitjr and JisUk XtfiUh Appliaatiaa af aacbafuxaa at 
highaf ooaeaatratioa «aa »^f affaatira aa iahibitoxt probabljr 
baoauaa thia ahaaieal doaa aot panetcata tha laaf aatiala 
faadiljr (Aabaafth aad Shaata, 1970 aad ^laad jjl j;^* 1978). 
Saad tcaatmeat by paatleidaa ia eoaaidatad to ba 
tha aoat eonTaalaat aathad of pravaatiTa txaatmaat fox tha 
eoatxol of plant pathogana. Saad-txaatnaat atudiaa aith 
oaxbofoxaa iadioatad ^ a t thia ohasiioal offaxad a dafioita 
pxotaotlea agaiaat tha Tixua lafaatioa aa avl^aead b/ 
aignifioaatly low paxoaataga af iafaotad auaahaiv ploata* 
fha a/ttptoa aipxaaaiaa aaa alaa aigaifioaatly dalajrad, bat 
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this tr«ata0at oould not inhibit the further multiplioatioa 
of the virus as the infeotir i ty of the treated plants was 
not reduced appreoiahly. fhese results indicate that 
oarbofuran seed-treatment affords proteetioa from iafeotion 
and also affeets the early phase of virus multiplieation 
upto a definite perioi after vhioh the virus oultiplieation 
remained unaffeeted« probably because the oonoentration of 
this Qhemioal in the plant q^stem f a l l s belotar the optiaum 
oonoentration for inhioition. 
Studies eonduoted with I'hiaet phorate indicated that 
this Qheaical inhibited significantly the viral infeetivicy 
when used as a diluent of infective sap. Analytical ultra-
oentrirugation and electron aioroseopio observations on ^ e 
saaples of (technical) piiorate mixed with purified virus 
preparatioas» indioated no effect on the aorphol<^y of the 
virus particles . ?re-inoculation foliar treatment of local 
lesion hostt indicated inhibition of looal lesion formation* 
Similarly, pre-inoculation so i l application of granular 
formulation to local lesion host indicated higher inhibition 
at i t s highest oonoentrationt but when the cheaieal 
concentration was reduced the inhibition was also reduced 
accordingly* Post-inoeulaticn application was l e s s effective 
and v irs l infection was significaatly inhibited only «^en 
intervale between inoculation and eheaioal application were 
shorter i .e* 0, 1 and £ hours. Ibese results confirm the 
expirat ion that this ^ei&ical t>loQl» the infeotible c i tes 
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on th« Itoresy besides laterferlo^ with th« deYSIopmoat 
of local lesioaa. Kaasaais (1959) obotrved that th« 
detoetlon of newly formed rixMB peurtiolts was posslblCt 
B-'XQ hoiurs after laooulatlag tfiootlaaa glutindaa Icavaa with 
r^ V« Sliillar Qbsarvatlona wart made b/ Zeoh (1956) 
IndloatlAg that wlldiin 30 oiiaataa tha MA coat ant of tila 
eella adjaoeat to tha terminal inooulated oel l Inoreaaed aa 
eyldaat by u.v. aztlaotion at ed5 nm. The soae la the 
Oytopltaei with the higheat a.v. abeorptioa ranalaed eoneiatent 
lip to 4-5 toura throughout tbe oytoplaan* probably Indioating 
the beginning of the protein eyntheaia. Subaequently the 
aazimtun u.v, abaorption at £65 aa and 880 am indicated 
formation of aaoleoprotein* Aeoording to Siegel and wildtean 
(1960) at about fourth hour after infeotiont infeotioue 
particles can f irat be extracted. This haa alao been confiraed 
by £eeh (1960) by electron aioroseopy. Baaed on thia 
oirouaataotial evidence, the data in the present experiment 
for the period of 0 to S houra iodioaie direct aotion of thia 
chemical on the decoated yiral K^ A. Application of thia 
eheoleal at or beyond 8 houra after inoculation did not 
inhibit local lesion production, rhia sight be due to the 
formation of complete rizus particles during this period. 
In order to further inTeatlgate ^ e J^ Yivo effeot of this 
ayataaic inaecticide on virus infection aaA ayaptom expression 
on sunnheap plants, pre and poat*inooulation aoil treatments 
were given with granular formulatioa. The pre-iaoculation 
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applloations w«re fouad aof« eff»etlir« as «Yldeae«4 b/ th« 
daXe^ ' In luroptoa •xprtesloa to th« txtcat of 6 and 5 d«yt» 
•spooiall / whoa tiw plants «oro troatod at 1 and 3 days 
bafoze laooulation. Thaat traataanta also algnlfleaatlj 
inhibited infaotlon paroantaga and infaetivltjr of inooulatad 
planta* la ^ a oaaa of pra-laeoulatlon applieationa* 
iiyaptoa taQ)xaa8ion vaa dala^ad to tha aaxiamo in tha plants 
txeatsd oaa daar befojra Tifus inooulation. This indioataa 
that probably a/st^tie distfibation of this ohaaioal in 
aunnheiap planta hindarad tha Tirua atultiplloation ^ Tivo. 
2hasa r a suit a oonfira aarliar findings (Hiaei jitl j&l* 1974). 
Saad-aoaking traataant with phorata suaoanaion offaxad 
pxotaetion to sannhmp planta froa Tirua infeotion» b/ dalsying 
tha appaaranoa of ayaptoae by 4 daya. 
?hiaat has bean usad for eheokiag tha spread of acKse 
•iruaaa infaeting oxops Ilka potatoas and augaXbaats. Sastxy 
and ^ingh (1973) raportad that soi l applioation of ?hiaat 
baaidaa oheeking whitafly (jjaniaia tti^ baei) population also 
xaduead tha inoiddaoa of yellow yain mosaio vijcus disaaaa 
of okxa. 
Bxoaman and Caaida (1957) obsexYod that i^ hiswt phoxatc 
i s met(>U>oliBad in plants to foxa a aoxa aotlYe antloholln* 
astaxasa agenta* Radioaetive Thiaet (F^*) applied in f ie ld 
also incxeased in antioholin estexase aotivity. These 
studies indiaate that this eheaieal aots as an inseotioide 
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by Inhibiting tih« oholin esterase ensv,me la tho Inseots. 
Ho««Ter, la plant system oholla sstexass ensjae does aot 
sx l s t . On ths other haad, Thlaet belag aa oxgaaophosphoxus 
0(x&pound( orobably disturbs the phosphorus metabolloa of the 
host and inhibits the viral iafeotivlty by disturbing the 
balcyaoe of phosphorus Inoorporation iato the nucleio aold 
of the virus paxtlcles, Chatrath and ha/ohaudhurl (11^67) 
reported greater aocucnulatlon of ? ia :iiosaio affeoted 
sunaheap plants and suggested i t s Incomoratlon into virus 
partloles. ^ehlegel j ^ j ^ . (1953) reported inhibitory 
effeots of rudioQ^tive phosphorus (F ) in certain plant 
viruses l ike r^V. :^tanley (194S} also reported inoorporation 
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of P into virus particles of infeoted tobaooo plants grotvn 
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on nutrient solution containing ? • 
In tbe present skidies liannate was found to be most 
effeetlve as inhibitor of virus infeotlvity, even at i t s 
lowest concentration when used as a diluent of viral inoculum, 
Ihe inhibition of infeetlvlt;y was more pronounoed when the 
luocaluni-cdieEBloal mixture was Inoubated at higher tvaperaturSt 
therefore further confirming the direct action of this 
cdiemloal on the virus particles . Electron mierosoopio studies 
indicated that higher inhibltlen at higher toipera^re aay 
be dae to breaking and ag..:!;regation of the virions in the 
inooulu'3 which liiaited the distribution of particles to 
infeotlble c i tes . Analytical ultraoentrifugation of such 
SE^ples indicated the differences in tho values of 
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8«dl»«atatioa ootffioisnt (S) of fflethoo/I-tJreattd and 
untxaattd Ttms pxtparatloas. 
Pie-iaooulaUoa f ollax txeatsMut of this ohttaiioal 
on Xooal lesloii hoat waa taot9 affaotlTa whan applied at 
I, Z and 46 hours pxlox %o laooulatioa. Post«»laooulaUoB 
^plloatloaa induoad lahltoitloa of iofaotioa oaljr «ti«a tha 
iatarraXa betwaaa ohaaioal applloation aad iaooulatioa war* 
Toxy ahoxt i . o , 0 aad 1 hour. Subaaquantly tha traatoeata 
of this ohamloal oould not haaper tha looal laaioa produotioa. 
I t tharaby iadleataa that Lannata also hiadera tha iafaotioa 
aa in tlia oaaa of Xhlaat, 
;>iuiah«ap aaad-aoakad la Laaaata induoad protaetion 
fxoa Tirua iafaotioa* 7ha lowaat eoaoantratioa prorad to be 
tha moat effaotiva aa i t iahibitad tha iafaotioa ia auaahcap 
plaate aad dalayad the aymptooi expxeaaioa by 4 days. 
Baniata wae iahibitory at a i l i t a ooaoaatratioaa. 
Ita loaeat ooaoeatxatioa beiog Boat effootiTO for iahibitiag 
•ixua iafeot ivi ty wheo oaed aa diluaat of tha inooulisa« 
fhe iahibition of infeotivity waa higher at higher taekparatuxe 
(40^0) than at the lower taaperature (iO^C), probably 
indioating a direot aotioa of the aheaioal. Analytioal 
ultxaoeatrifugatioa iadioated i^pearaooe of a dimer peak 
ia beaoiayl (teohnioai grade) treated purified virua 
pr^aratioa* I t a^pm&SB that beaosurl ioduoed breakiag of 
Ylrue particleat the aggri^atioa of ahieh xeaulted ia the 
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q^p««cwio» of 4lB«jr p««k. Sl«otroa miocesoeple o^atfTrntlons 
furthti eoiifijrm«4 th««« fasuXts. Pfobabljr tht aggzagatioa 
of pafftlolaa liaitad tht dlatxlbutloa of vlrua partlolta to 
iaf eatlble oitaa aa la th9 aaat of Iiaaoata. 
SaXa (1969) prtOMtad aTlAaneo that baoeiaiidiaaolt 
pfOToata aaaaabljr of oitoohoadfial pjrotain unita la a fitagua 
§IW9feaff1?13f9yt fItTiiiM* Beaooyl balag a banslaUdlaaoIo 
ooapeimd aay ba dlalatagiratlag tha pro tola unlta of tha 
pxotala ooat of tba Tlrua pactlolaat thaxabjr oaualag 
tocaakagt of Tlfae pairtiolea. 
Baolata la affaatlTO la lalilMtlag tha looal laalon 
fojcaatloa ahaa a|>plla4 aa aithax pra oi poat»laoeolation 
foliar tjraataaata* Sha pxt-»lBoealatloa traataaata ^9X9 
highly affaetlTO araa «haa a^pUad 48 hoara bafoxa laooulatloa. 
Xa tha oaaa of peat-laoeuXatlon traatmaatat Inhibition aaa 
aoaiaiihat cadiuoad bat aaa algalfioantXjr high at 8 houra aad 
aubaaquaat lataxTala aftax lafaatloa. fhaaa raauXta Indloata 
that BanXata la aXao affaotlTo la praTantlng tha lafaotloa 
hf bXoalelBg tha lafaotlbXa oltaa prlojt to YIXUS laoeuXatloe* 
baaldaa lataffaarlag la tha rlma auXtlpXloatioa aubaaquaatXy 
aftax tha lafaotloa* %a a^pXloatlea of BanXata aa foXlar 
txaatnaat aad »99A aoaklog of aoanhaiap iSi* ilUUIil) « ayataalo 
hoot aXao offaxaA pxotaatlon froa vlxaa lafaetloo* Shla 
ahanloaX poaaaaalng antlvlxaX pxopactiaa Inhlbltad tha 
lafaotloa of aoanhasp pXaata* daXayad tha i^ ^paaranea of ayatiale 
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laAie«t«d iahlbitloa of aultlpUoAUoa of tho Tlmo ^ yjyo 
in tho Boalato-txoatod plooto. fieiioa/l» whloh lo « 
boaslsldiaaolo ooapoii&d« pirobakljr hladojrod %h9 viiuo auololo 
aold ropUoatloa proooaa hy aetlas aa puilao aaU-aotaboUto 
aa copoxtod ia tho oaea of fiiagal apooiaa («ollo/t 1944; 
Bartloa-SohooXo/i 1971) • EacUoir nockofa Ill^o Ohla aad 
Sill (1962} atudiod tht offaot of baaaiaidiasola ea mf 
aad thxoa otiaal vlxuaaa aad foitad that i^ataoio ajm t^oaa 
of B[V iafoetad plaata ««f« d«Iiqr«d« Baaalaldiaaolo alao 
bxotMiht abottt dd por eoat lahlbltloa Xk rlti^ of ^V ae 
tatisattd oa %^|^ f^aaoaiua. Miihca j ^ j i* (1964} aad 
Kvo^ttdhttxi and lliahra (1946) obaofTod that baaelaidlamlo 
at to ppa ooaeaatsatioa codueod ^ a ooaoaatxatloa of ehll l l 
•oaalo Tijcuo ^ aoarljr 70 pox otst la tobaeeo oallaa aaltaroa. 
Paddiek tti i^' (1971) pxopoaod tho bypo^oela that ajotaalo 
hlooldoa aanolj phoxato* dlaothoattf oaxhoAixaat boaoa/l aad 
aothoajrl dixoetljr affoot tho oaaaal ofgaolaa of tobaooo 
/olloa dwarf (aycopla8ma)t la additloa to tholf abll i tj to 
kiU tho Tootora. 
Iho pxoaoat laTootisatloaa mggoat tho dlxoet aotloa 
of thtao hlooidoa oa tht Tixua iafoetloa aad aultlplioatioa 
idU,oh aigr pxoTO aaofal aa poaalhlo oh«Mthoxapoutaata 
fl«alaat plaat tirvtB dlaoaaoo* 7hoao fladlaga faxthox ladioato 
that thoao ehoaieala boaldoa boiag poatloidoa mar «• »t l l 
ooatxol Tlxoaoo by thalx judlolooa uao* 
Saxing %h9 pfts«iil IsTtstlgfttioiis 13 systtoio 
p«stiold«a wtx« sexttasdi XA XULCft <^  dllutnts of Xotoaooo 
mosaio vlftts (XX7} iaooalua. Oat of thtoo Laaaato a&d 
Boalato vMt found to bo most offootlTe antlvital ^oMioalat 
tadueiag tf InfoetiYity to 31*52 aad 30.97 pox ooat 
roopoetlTOljr* Flurth«s» Thlast, FUraAan* VitaTaxt PlantTax, 
Cocadielao H72£ aad Horbioldo-5 wofo alao fouad to inhibit 
tho Tim a ififaotlTlty to aa appfooiablo ox ton t* HOWOYOJT, 
iXipoa't 1642 aad Qapoa't UIO atiaulatod tho Tljral iafoetlTity 
iq vitro. !llto eboaioala liko foxaoaxt Somile aad Hoaafoa did 
aot affeot tho iafootivity to a aigaifioant lovol. 
fhooo ohittioala troro goaocally »oro offootivo at tho 
lowoot eoaooatratioaa i»o« 10 pp«t oxoopt FaxadaB» Oeradisiao 
U7e2 aad Horbioido-^, whieh woro aoro offootivo at tho highor 
ooaeoatratioaa l*o, 1000 ppa* 
Sho aotivo iagrodioata (toehaioal grado) of aoaM of 
tiio abovo montioaod ^atoaio poatioidoa a«ioljr aothoaylf aad 
bonoajfl woro aixod with tho iaooulum at tho ooaooatratioaa 
of 1000 ppa aad otorod at 40 aad lO C^ for difforont duratioaa. 
Xho rodttotioa ia the icfoetivity waa soro with tho loagor 
ooataet perioda aad at highor tonporaturo i*o, 40^C. 
Aaalytioal ultraooatrifugatioa of aixtaroa of 
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pttrifi«d Tiius pz«pajeatioii8 aa4 aetlvt lag««ditats of 
p«sUeid«s liidieat«d» th« ^pp«a£aaot of a dlatiaot diaar 
paak of 114S la th« oaaa of Baaoayl iadioatlag aggxagatloa 
of Tirua partiolaa. Phoxatt aad sethoajrl tcaatad aaaiplaa 
ladleatad a daoraaaa la Iha Taluaa of Sadlfflaotatloa 
eoafflolaot to &9 aad 63S taapteUTel/y ooapaxad to eoatrola 
aa 71 aad lOQS jtaapaotlTal/. 1?Matmaat of tliaaa aanplaa 
at 35^0 for 4 houxa taad to laozaaao tha S yaluaat probably 
baoauaa of aggragatloa of vlrlooa. 
Sxamlaatloa of thaoa aanplaa uadajr elaetroa mloroaoope 
ladloatad algaifloaot Inoraaaa In tha pareaataga of TM? 
paxtlolaa of aaaXlar dlcaeaaloaa (26-S75 oa). Paroaataga 
of auoh abaexmalljr oaalXer partiolaa naa 7£*35 aad 68*S3 
par oMt la tha oaaa of aathoayl aad baaoajrl traatad aaaplaa 
(at 35®C for 4 houra)» raapaotlvaly aa eoaparad to uatraatad 
ooatrol Indleatlag 44,98 per oaat aaallar partiolaa. Thla 
^ppaar to ba dua to breaking of Tlrua partlolas aa a raault 
of oontaet alth thaaa paatloldaa. Tha lafaetlTlty taat 
of thaaa traatad aaaplaa ladloatad a oorraapondlag Inhibition 
of tha Infactivity. Pherata traatad aaaplaa ladloatad 
total aggregation of rlrua partiolaa due to wfaleh obaerratlona 
on partlole aorphology eould not ba taken. Vuradan traatad 
aanplaa ladloatad no algnlfloaat affaot on ^ a partlole 
aorpholog/. 
?X9 and poat*lnoouIatlon fol iar treabaent of looal 
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l«aloii heatt 0« aaajfatiooXor with tli« ^jatcsio p««Ueide« 
ladioat«4 that B«&lat« •ignifleaatl/ iahlbit«4 the loeal 
I«sloa produetloa aTan whaa applied 48 hooxa prior to 
iaooulatioa. Shiaot alao faila uadac scat oatagox/t ^^ 
«aa fooad laaa affaotiTo* lUradaa and Laaaata although 
iahibitad tha loeal laaioa piodnatioa at meat of the tisa 
iatoxTolo tested, but wx9 fouad ooaparatiYoly laaa affaotiYa, 
Poat-iaooulatioa foliajr applieatioaa wart gaasralljr 
XottBd to ba lass aJtfaetiYa than pxa^iaooulation applicationa« 
Although all tha eheoicala tasted wexe able to inhibit the 
•ixua iaieotiott at diffexeat iatexvala of applioationSf but 
Bealate was fouad seat pxoaiaing* It aigaifioaatly iahiblted 
the Tixtts iafeatloa evea ahea applied 48 bouxa after the 
iaDOttlation. 
Pxe aad poat^iaooulatioa foUax sad soil applioatioas 
of theae a/atemio peatieidaa ea a ^ratesio hast suanhaap 
(JaoUflUOa IttSSft) »•«• *••*•* a* diffexeat iatervals of 
^;>plioatioaa aad ooaoeatratioaa, Pre-iaooulatioa treataeats 
vara inrariably aore effeotive ia reduoiog the pereeataga 
of iafeoted suaahenp plaats« Bealate was found to be the 
aoat effeotlYe ohemieal. the iafeetlTity of iaooulated 
plaats as bioaaaajrad oa ^. amaxaatiaolox aaa generally 
inhibited in the ease of the plaats ahieh were txeated aftax 
the ¥ixtta iaoeulatloa* 
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Pxch>laocuXatloa tx«ateMts dtl^jred the •xprtssion 
of 8tyst«mlo syaptoas aojro than tb« po0t->iQooulatLoa tf•&%&«&ts 
aaxiaua to the axtwdt o£ 5 dajr* la th« oaac oX Bmlate. 
Pre aad post-laooulatioa applicatloae of Furadain. delayad 
the eyaptoisi ejcpxeeaioa by 2 days ixseapeotlve of the 
eoaoeatxatlon aad ^ e time of applioatloa* Theae oheoiioals 
were eioxe effeotive at their highest oeaoentratioa i . e . 
5000 ppQ. 
Pre-iaocRilatioa eoi l applications of i'himet lO-U.i 
delayed the eyaptoa expreseioa by 4 dcgrst while poat-
iaooulation applloationa caused a delay of 6 and 5 days io 
ayaptoa expressioa when plaats were treated at 1 aad 3 
days after the iaooulatioa respeetiTaly, Soil applioatioa 
of highest ooaceatratiba (5000 ag. /330 g of soi l ) of 
this ohsaioal txixibited slight phytotoxio effeot oa suonheap. 
Puradaa and Xhia«t available ia graaular foraulatioa 
were also applied 24 hours before iaooulatioa of 
Si» aaarantioolor. Thiaet was found to be aost effeetive 
inhibitor of iafeotion at i t s higher ooaoeatratloas. As 
ths ohesical eoaoeatratioa was reduced the iahibitioa of 
iafeetioa was also redueed aooordiogly. 
^uinheap seed'-'soakiag ia differeat aysteaio 
blooides inhibited the iafeotivity aad also delayed toe 
expression of i^eteaie syaptoas. Bealate proved to be the 
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•ost poteat eh^alealf oonsidoriag tf iahibitioa of 
InfeeUvltjt low poxeoatago of lafeetod auaahamp plaats 
and aigoifloaat dala/ la ajrmptoa azpjraaaloa. Plaats xalatd 
tx<m aaod tjteatad with Pttxadaa« fhlatt aad Laatiato also 
afford slgaifioaat protaotloa froa Iho Ylrua lafaotlon, aa 
ayantoa oxpzaaaloa waa dalayad for d» 4 and 3 da/a raapaetlTeljr. 
Iha laf aet inty of infoetad planta waa alao found aignifloaatly 
lahibitad. 
Adttsai* 4* 1961. i}tl«t«xlott» •ffMt of SIHMIB* oa aosftlo* 
iAf««««d •ttc«fe«ii«. £• jgJUift* i£j|lkZ« '^^ ^ ift* ^'^ 
A^voztht &.J. and Sh««t8» T« .^ 1970* Upt«k« «ttd 
tcMSlooatloa of oarbofiixoa la tobaooo plaata. 
Bandost ' 'C. i9S4. labibltoza aad plaat Tijeuaoo. A4i^ yioaa 
la lLGIi i i i l* ^> 31*6d. 
BairtoXa-Seboolo/* i* aad MaoiI«Ul« B.H. 1971. A ooapafiaea 
of %h« aodoa of aoUoa of tluroo tooaalaldlaaoloa. 
*Blassoaak, ff« aad Piodoxov. 19i9« lafluaaot of aoao 
lahlbltoxa oa «li« laf aaUTl^ of tobaoeo aoaalo 
•BoaniBialaoa* li« 1962, fxaitatot doa gialae da toottaxaToa* 
da aol at daa Sffiaaoaa da poaaa da taxia aa Vua 
da la pxotaoUoQ Oaatxa \%9 aaladlaa a Tiraa, 
IJUClSflAlOUSii ill* <>^i03. 
Bxaadbeat, L. 1997. laaaetieidal eoalxol of ^a i^xaad 
of plant Tlxuaaa* ioa* jiav* ,^^» 2t 399«>964, 
Bfoadbaat* hm aad Bttxt« P,2, 19dS« ayrataaio laeaatloldaa 
and TlittB aaatwl la potatoaa. fiiaft. ^lU* XBltt t t i l to 
^n^\ff^fltt Oaa|. ^t 81«80, 
Bcoadbant* !•• 1969« IHaaaaa aaatcol tiuFougb TOOIOX aoatfol. 
yijTuaaat Vaatofa aad Vasatatlaa. Xaxl MarMoreaaii, 
Zatax Selaaea Pab* iii.it* 
Bttxt, F«B*, Bxoadbaat» !»• aad iiaathootat Q.D, 19d0» fba 
uaa af aoll laaaatleldaa to ooatxol potato aphlda 
aad Tlxaa dl saaaaa. JQ^* MSUL* JlStl* Jft< 580*590• 
Cadaaa» C.H* 19dO* laiilliltioa of ploat Tlxaa iafaatloa ay 
taaalaa. 191*105« PhMoliaa la plaata la haaltb 
and dlaaaaaa* Pexs«ioa Pxaaat Oxfoxd« 
Oliatxath» M.s, «ad Rajrobaudttaxl* S»P« 1967* Aeooaulatloa 
of xadleaotlTa phaaphaxaa la aoaale affaotad 
aaaaHoeip planta. iaOUft i* i i f f g m i * 2i i55-l5d. 
11 
Chla» a«J, aaA Slllf ft»a« 196£« Ctiffsoth^jri^ttttlo •rf«et« 
»t SOBS •ubstltttttd puxin^a aad pjrjrlaldtQ«s «ad 
otli«x eoapooads acftliuit tturct o«r»aI TlcuMt aad 
totoaeoo sosalo • !»! • . ?4y|gpttt9ltllBr £(> 432-*38. 
Oom.'^ oatffi B., Sh9WiX9tt J.B. and YaB«da« M, 196£, Lla««z 
blofsynthaelfl of tobaeoo i»»alo vlnisi oliaiigaa la jTod laagth duflag tha 99we»9 at lof aotioa. iJBUk* 
SaTla, A«C«t MaSaan, 9.L« and Soluroader« W.T* 19dl, Caatiral 
of paa aaatloa noaala la paaa with laaaotloldaa. 
i.* ^«^^• M&BiSLl* i|< ldl*lS6. 
fxaaoJdLt H«I«B, 1966. Soma faotoxa affaetlag pairtlela 
langth dlatrlbtttloa la tobaoeo aoaalo vlxaa 
praparatloaa* Yl^ jfolaaj ^ t 3&8-89d. 
7x/t P.B. aad Mathaaa* K.S.F* 19d3, Tlalog of aoaa aaxljr 
areata folloalag laoottXatloa idth tobaeoo seaale 
•Irua. YlgQlagy jy|f 461*469. 
Saofghlout £•£*«# Xialfdf J«H« aad Vaoaajrao, A«f« 1964» 
S^ataslo laaaatlQldta taduea tho ^xaad of oiuly 
too vlma of augafbaata. gftUIWflk AKJg4fflA1f\lgt 
JiSisVi 1«-13» 
Haatheotat O.s. 1970. Waada* Hairbloldaa aad Plaat nxuw 
maaaaaa. is^SL* laiH M* MSA SiS&MMSd SS^» 
Hllla, O.iU, Ooudxlat, D.L. aad Bjmbakar, fi.w. 1964. 
Phoxata tjraataeata agalaat tha baat laaf hoppajr oa 
Coatalottpaa for praraatlea of euxljr top Tlrua* 
i.* Soqa. Si^toaol. fft 86^9. 
Hejr8taa» w.o. 1958. iffaet of Thloat oa laoldaaoa of vlftta 
*t^ and pttxpla*top a l l t la potateaa. MMJL* ^Qtata 
I, a » 708-no. ^ ^ *»*—» 
Hull, R. 1958. Sugar baat ^alloaa. 7ha aaaroh for ooatrol. 
a^r4ffiH;VltlIf (X'Ondoa) ^ l 62^5. 
Uulatt, U.ti* and Xtorlag, H.S. 1965. Sffaat of partiola 
laagth dlatrlteitlaa oa lafaetlTltjr of tobaaoo 
aoaalo vlrua. YU l^Miy &* 418-430. 
Huttlagat H. aad Moaeh» W.H.M. 1974. Propartlaa of Tlruaaa 
of tha poty Tlrua group 2. Buoyaat daaaltyt S Taluat 
partiola norpholog/t aad aolaoular walght of tha eoat 
protala. Subualta af baaa yallov aoaalo rlruat paa 
noaalo Tlrua* lattuoa aoaalo Tlrua aad potato Tlrua YS. 
MSik* I* iX» l&Sk* SSL* 19-S7. 
i l l 
KaasaaiSf B. 19S9« Conpailaoa of aajrl/ stagts of lATeetiea 
by Intaot aad phaaol dlaxuptcd tobaoco aosalo Tirua* 
MlsiMlM* 35»-369. 
*Kutha, £• 1961. i:.in oauaf lag £ur BakaafUng VOB Vaxktofaa 
ia Kajrto^talbau* Aiaaata TOO S/atattieaehoa 
Saatgutbahaadluoga Alttala. ! • f f^mi««kiP«nkh. 
Pflaaaan .gfitn^i Jgl S09«»S68* 
Lauolc, S«B«, Hoaext B. ^alla and Baflic* s.iftf. 190e. ^at to la 
laaaotlaidaa fox dlxaet ooatxal of Baaa yoUow 
aoiaie Tlxua ia aaad f laida of yalloa lupina. 
•Lianaaatt. P. Lariall , F* and Saehot, M, 1944, Influanoo 
d*uaa phytohoxaoaa da Synthaaa Qax l a dOTalopaaat 
d98 Tixus *X* at *i* doia poaaada taxxa ehaslataba* 
ic*l< A<^ fd. Sol. Paxia ^ i 643-96. 
LoabaaataiQt &• 197S, lahibiUoat iatarfaxaaoa aad 
aoquixad xaalatanoa duxiog lafaetloa. FxlaelpXaa 
ood taohalq^aa in Plaat Vlxalogy* Claxanoa, I* 
Kado aad Haxi 0. Agaxaal. Van Noatxaad Raiahold 
Coapaajr* M^ni Yoxk* 
*lialagutit a* aad Aagalaa* H. 1907* Baaayoa pxalialaaraa 
sobxa al uaxo daa laaeetleidae aa al ooatxol da loa 
Taatoxaa da la "hoja bXaaoa" dal Axxoa. MSSiSL' ISSSL* (MaraoajTff Veaaeuala) gt 161-163. 
Maxkhaa* H. 19d0. A gxapMoal aathod fox tha xapld 
dataaaiaatlon of Sadlaaatation Qoafflelanta* Bioeham^ 
Mauda, H,3«, Kal; A.M. 1970. Saad txaataaofe with baao^yl 
aad othax faagioldaa fox tha ooatxol of Aaaoafayta 
t>ial oa paaa. .^ aa» Jit&l* Biol. jj£t 37-411 
Mogulxot J.M. aad (rooda* M.J. 1970. Effaot of baooayl oa 
»baooo xiag apot ri. 
^ (70)1 1150-1161. Xiphiaiff^ IBtytgilBVIl ^ d So Tixua iafaotloB. 'rrXTTTI^. 
Matoalff R.L* 1966. Abaoxptioa aad txanelooatloa of 
oyataaie laaaatieidaa. Siaa. Int. Aflxoohim- 6t 151-171. 
Miahxa* M.S., Ra>'ahaudhuxi» S.P. aad Phatak, H.C. 1964. 
Plant tlasua ealtuxa, a tool fox atudyiag hoot 
vixua xalatiooahip. ISMM ?lMrtQPf1f!^ » J2fi*.JllU Ho. St 18-34. 
I T 
M« IiftSl» F.B. 1970« CtofttMl of « ! • ! ! • • SMM 
£,H. i9e6, 2ff«ot« of i l t tU0l4«8 da IBA •»« pffOt«U 
«jnith«MS. H i i l S i * Alifttt* A^tf* p*3S* 
Hlasl, y«B., JacaAlah OhaaAxa, K. aaA HM ?x«lca«lu 1979* 
A a«« atxaia of 7ebaoo9 sMalo rimm ialattiag 
suanlittip* ^ndiaa fl^tmalt^. jS^^^' iX5*l£l« 
Mlaai, ?.&.t Ba^ roj^ auahttxl* a«F, aB4 Kballd Xatooad. 1974* 
Steidita oa tlia iablMtioa of a otxala of tobaooo 
aeoalo n iao hi Shiaot photatOt a/otoaio iaoootlQido, 
Mlfttla* iC*K. (Wd Babiadox Satti* 19d9. 3oil apoUoatloa of 
tqratOBlo iaaootloido for ooatfol of i^ald Tootota 
Md loaf xoll Md *Y* ^ffuaoa la potato* XiftUi 
Faddleict H.a*» fYOoohf F.I^ . aad faxaof* 9,h» 1971. Coattol 
of loaf hoppox i>oxBO plaat dlooaaoo poaat^ljr 4hto to 
dljroot aottoa of igrotoaio Hooldoo oa »/oopla«ia« 
£1* ii^* Jt&ll* M> < l^* 
Poad, D.D. I9d4* Flold ooatxol of potato loaf jroll riw^ 
vdLth arstoalo laaootleldoa* Jiau* llftlilft £• Jl>^^^^* 
Rigrobaadhtul. S*P« aad Mlohxa* M.B, 1945* Effoot of ooso 
•otiU»olltoa aad tbolir aaalofa oa tiM lafootlvlty of 
tobaooo tlooao oultaxo ooatalalag ohlll l aoaalo 
^'^•* 7i^log» j^t 489*484« 
BajrotiMAdiittjelt 2*F*, Ohoaulu« 7«T«t aitoahy s«K«t ?axaia» Mmptmt 
iao» P.S*, Silsattil, ft*A* aad lac* It.O* 1971* 
CoatJTol of BpDeo dlooaao of aaadal* qgfjp- Sol, Ji(2)t 78-75* ^ ^ 
saatlUlf ?.» PlaoltolU* i, aad ««. j.a* 1961* fho of foot 
of tobaooo aoaalo v&xao pirotolo oa vljB&a laoubatloa 
aad lafootlTlV* I U U A U 41* lOf-ltS* 
Saattjft K*S.]|* aad Slagh* S*^ * 1973* Hold oraloaUoa of 
•ntagoalstlteh* wixkoagM voa Ttrus laf«ktioaoa uad 
^«sllEaX«lnli0haadluag «X» Gtuadlag* tiix dl« Austaf* 
btitung 9lafaiohtf Ydzfalirta 2iir Au8 1«9« vixut 
f98ist«nt«f Pflaftsta Voa Hloptiana tftbaaiM. 
B«xiohttd«a laatitutaa fac Zabakroraahaag. Brtadca 
Sehttstac, a, idee* EUX Stiaoktlvaa Abotuas Vlvua Kxaokax 
Pflaaata. 13* Vortxagatagungd. X«d«. Fak* d, Kaxl* 
KajMTalT. Laipslg. Heaaxa Fox^Sekungaaxgabal^ aaa 
andex l^ da, L9lpslg« 05^8, 
Satittat9X| Q» 1968. Oa tha pxablan of aalaotlvt daatxuoUaa 
a/ ^aaioala of vlxaa lafaotad plaata* Pxooaedlaga 
of tha lat St^ ropoalum of P o l l ^ Plaat Ylxologiata. 
Bioohamioal aod Pl^alologioal aspaeta of plaat vlxaa 
dlaaaaaa. Kaxalcoa S-7 <7uljr« 
Sahaatax. Q, 1970* Xha affaot of paatloidaa and haxbiaidaa 
OB tba daralopaaat of Tlxaa dlaaaaaa of tha tobaoea 
plaat. Pxoo« of tba Vth Xataxaatloaal Sebaeeo 
Solaatlflo Ooagxaaa» Haaibuxg. 
Sabuetax. a. 1971, Oa tba affaot of s-fxlaslaaa oa tiaaua 
fxoa baalthy aad tPlxua lafaotad potato tabaxa. 
IUSlUi&« £ftUiAi*.XSIaAiia ( ^ P ) Bd J^^, S14£-146, 
Sobaataxt o. 197e» lafluaaoa of boxbloldaa aad otbax plaat 
pxotaotlag agaata oa rimia ayi^toaa. iMMl^ X* lllMfr* 
Sobuatax, a. 1973. £ffaat of boxbloldaa of tba uxaa aad 
oaxbamato typo aad obaaloala fox auekax aoatxol oa 
•Ixua laf aatad tobaooo plaata* iflll* X* TrtrttWtl&ll 
Bf^ 4 1^, S. 85-37« 
Solat A«A, 19«9« Oxlgla of tba laexaaaa la adq>tablllt/ to 
ox;ygoa of yoaati pxatxaatad wltb baaalaldlaaola. 
Bloab^. Blotubya, ^qmm Qoaat ,^ Jj^t 740. 
Slagalt A, aad Wlldaaa^ s«0. 19d0* Soao aapaota of atxaotuxa 
aad bahavioux of tobaooo aoaale Tlxua. Aao* Rav. 
ZlMOX Pbyalol. J^i 877«298. 
Slagalf A. aad 2ialtlla, X« 19d4« Xafaatloa pxoooaa la 
plaat Tlxua dlaaaaaa* JlQAU* JitX* Pbytoa^ttial. 
^t 179-208, 
Slogb, B. 1969. Tba xataxdlag affaat of 8-4* 5-Ixlobloxo-
pbaaox/ aoatlo aold oa vatax aaloa «oaale tlxua 
a^ptoaa. M^ ?krlOBilft> Ma&* i9t 317-19. 
• 1 
Slsl«f« U.D* 1972« Mode df aetlofi of l^easloiiiUasoXs 
XUagioid«8 3£3-55, In H«fft)lel4eit Fttogioides 
lap AC. Cong. I tsUo Ciisa, End 1971,5, IJ»» York. 
Gofdon and B«aoli« 5$5, 
Xi^ XoiTt C*S* and ^ux&at. A*!". 1963, ChaoloaL MAtroI o£ 
sa^b«rry riog^ot troaato bl&ok ring vi£U8«e ia 
mapU/al, P.ll* aad SlaoIalJtt J«B« 1971. TxaosXoaatiea 
of b«aoai/X« oaxboxia aad oiULoroaab ia aojrbeaa 
e«edXlai^ 8« ?tVY|gBttfflgl9^y jy^ t 1301-1302. 
•UX Ei^^oYa* M« afid ilXa«im/» 0, 19dl, L'acUoa yrlaglQuf 
d« la ;;iiBasio@ ft dea vixcaaa dt pXaataa antaat <m9 
aethode da Xa dataotloa •••& tutXXa daaaaXadiaa a 
Tixtt8« BIQX. £iAas isi^* liii* £as&aftil*«J (^ i s t - i j^ . 
?aa iCdouseAf A*« llecrdaa, i). aad 21iuAg, i.H* 1961* l^i« 
meohaolaa oX ioidbltloa ot iafaaUea with tobaooo 
•oaalo vixua bf an iahibitox fxoa oaxaatioa aap* 
Vtxaaf J.?, and Slogb, a*?, 1971, Buaaat An effeetlTa 
ohasioaX to ooatcoX baetoriaX bXight of oottoa. 
icSLU* M* £tx* ifi> do«as. 
waajraratne, V, 19^1. Etudlaa oa tha iahibitioa of fobaooo 
aoaaie viraa b/ pXaat iuioasf gtontb xaguXatoca 
aad «yet«aio iaaootieldaa* maa. iJ^til* il£> 1379* 
WooXXa/, D«w, 1944. Soma bioXo«3;ioaX tffeeta pxoduoed bjr 
bensialdiaaoXe and thaiir xararaaX bjr puriaaa. 
Zaob» U. aad Kohne, L* Vogt. 1956* Untorauobtrngaa Bujr 
rapxoduetion d^ a tabak aot&io virus tXtotroa 
anoiosoaicopaia * CtiabaobaobtaBgaa. gamt. CiXI Jit* 
^ 1 458-475. 
a^ohy u. 19d0» iBtojBBaOiarjr pr9<laata foimad duciag tobaaoa 
aoaaio •iiua jrapxodttetioa. Yi^aloay ^ t 499*50S. 
•OxigiaaX not aaaa* 
§ § 
a. 
tt 
N M M 
9 9 19 <A § S ^ 
10 Cvt M 
8 S S S S fis •- S ?: 
• • * 
IS W i-l 
8 8 " 
»> CO »» 
» » » 
^• « 1-4 
t^ S t* e* 
to 
e n 
O <0 Q iO • 
n •^ a &• »^ 
fr" <W * • 
e^ 10 »-i 
o Q 
8 8 
O O O r4 
8 3 
M 
i i i i s • 
O VI M 01 
Ok ^ 0} 
8 3 - * 
8 
O 
o 
O ^ 
>••«<••«• 
ti 
8 o M 
O A 
O 
c 
5 
I I 
» 
Ok 
•» 
w 
8 
iO 
* 
§ 
3 
•r 
i 
(0 
8 
r4 
8 
o 
0 
«-« 
(S 
fr» «0 i-l 
5^8 
S 3 
5^:5 ^ M ,^ 
IX 
App«&dlx 2 
ABftljrslt of Taxlanet (falilt e) 
SOttfOO o f 
• • x i a t i o a 
fitplieatlea 
OlMsieal« 
Oofi«tatjcfttioii 
Olmloal X 
OoB0tat ration 
Error 
Total 
i d.f. 
2 
IS 
2 
U 
78 
116 
T 
« 
« 
1 
s,s, ' 
090.0849 
141970.0910 
10718.1907 
117742.4tl» 
39941.8914 
307296.9999 
flI.S.S. 
949.0422 
11797.9043 
9396.0794 
4909.9342 
480.8138 
0.71 MS 
84,93«* 
11.13»* 
10.20»» 
AftAl/sls of TarlaBM (Sabl« 3) 
III 
1 
J 
oh-i.A lf!lS!!.!£ k t . ; TajrlfttleB I s« s« « 
K«th«ijrl 
BlBMiyX 
7<Klp«CttttUt 
Houx 
B«pUM«loa 
Bcxox 
Total 
2«ip«fatiif« 
Hoiiff 
BopUoalloa 
Efjrof 
Total 
1 
8 
t 
14 
£9 
1 
9 
S 
14 
e> 
4d07.0«41 
3981.817« 
«S,4048 
7fi8* S298 
1O401.8674 
«£9.6977 
979,9flS 
isosaoso 
«£44«S908 
10954.4999 
4607.0641 
U93,999& 
81* ^ £ 8 
9£9.9977 
889.9804 
601.0910 
446.1999 
88.96«« 
88.99»» 
0.99HS 
i .4 i irs 
0.90IS 
1.34SS 
I? 
jyuOjrsia 9f v«xlaao« (f«kU« 6*io) 
T 
i— 
' * * • * ' • * i WAiH B M i i n d.r . ? s«s* 
?#•• B«pUoaUoa 
laoMlatloii 
Sjr«atMat 
Total 
?oaW atpUesUoa 2 
laoeiilAtloB 
2««alEitat 
Sxjros 
s 
9 
10 
17 
e
0 
10 
1169.0195 
4707.87tS 
88d2.9610 
8799 .8^0 
969.9183 
1870e.lS19 
1S76.0060 
984.9078 
941.9749 
28o« 2991 
934.699S 
8940.4994 
1S7.6009 
2.0883 
3.87« 
8.68 IS 
19.90»« 
'^««1 
iaeaulatloa 
Xiaataaat 
Sf£0« 
Satal 
17 
29 
14947.9008 
9 
9 
19 
898.7181 
8448.9393 
390.9789 
89.9707 
488.9097 
86.0499 
3.43* 
18.79»« 
3101*9843 
?••%• BapUoatlaa 
laoflttlaUoa 
firaalBMat 
Sfffox 
fatal 
3 
9 
Id 
87.7181 
18I91.6707 
397.9913 
89.8394 
8489.3341 
84.9988 
i.i9irs 
98.90»« 
89 18987.8801 
Ooat4. 
SMurftt of 
••tlfttloia d.f. s*s« M* S«0« i 
i&tftftift 
lAooalAtLoa 
fjr4i«%i«fit 
Eirxex 
total 
PeaW ReplleatLon 
iaooulaUon 
Txaatatat 
lotA 
2 
5 
XO 
17 
ir 
333*4054 167.702S 4«0&SS 
66*872946 1965.4590 33.01*• 
413.d£16 41.3622 
7576.3220 
2 
5 
0 
236.9089 
7817.3441 
263.1466 
116.4515 
1563.4688 
28.3147 
4.16* 
53.21»» 
6337*391^ 
Baalata 
?«•«> HaoUoaUoa 
iaooalatiaa 
Zxaataaat 
fatal 
?aat» Etpll tmtl oa 
laeaalatloa 
Txaataaal 
2 
5 
10 
17 
2 
5 
10 
194.0869 
3394.5568 
432.6930 
4021.9367 
46.5690 
2310.6918 
2856.7074 
97.3435 
678.9114 
43.2693 
24.2915 
462.1962 
285.6707 
2 . 3nS 
16.99(18 
KS 
1.6118 
!ea«al 17 5217.9616 
O0at4. 
n 
°>^'^ I P^nli \^'' I -^g- ! *'^'^- T 
KipUOAtlea 9 734* 5796 24e,S266 6.76* 
2XM«Ma% S 483*5648 S41«e8£4 6.96* 
E£MX • ei7«9Sie 96.8S08 
SotaX U 1487,e46e 
SapUMtnaa 2 16.4884 7.44£ 1S.47* 
xrtateaal 2 716.7174 308.9587 577|16* 
Btfx 4 2.4837 0.6209 
29tal 8 784.6898 
m 
AftaXysia of faclAM* (7«bl«a 11*18) 
II 1 1 t 1 . 1 1 1 I I I I 1 1 1 * 
pjra* 
iAoaulatlatt 
BaplioatleB 2 
Zattiral 8 
OaaatfttaaUoa 8 
Zata«Tal m 
Ooaaaatiraliaa 4 
Stiaf 1$ 
8M.8846 
<4S,9011 
800. 9M8 
85f3«<0(XI 
378.S108 
18f,i689 
981.900i 
185.4784 
643,4000 
83.3444 
ft. 44* 
13.T»»* 
5.3?« 
87,54»» 
l a ta ! 86 4097.8988 
iaeaolaUaa 
BapUaatioa 8 
Zatairal 8 
Oaaaaattatiaa 8 
Zatarral x 
Oaaaantcatlaa 4 
Sxxor 16 
8591.0804 
819.9069 
3834.5508 
3088.8017 
5375.8947 
1895.5108 
409.9555 
1917.8751 
755.5504 
335.9559 
8.85* 
1.888 
5.70» 
s . sasi 
fatal 86 156a.9739 
IttUUU 
iaaaalatlaa BapUaaHaa 8 
Zatanral 8 
Oaaaaatjratlaa 8 
ZatatTal x 
Oaaatatxatlaa 4 
xriax 16 
!Satal 86 
847.48 
196.88 
1664.67 
0.64 
198.31 
8407.88 
173.74 
98.14 
838.34 
0.16 
18.39 
14.08** 
7.98«» 
67.17»* 
O.OISS 
aaa«6.. 
TIXZ 
TZTT dUBioal T sottf •# of ! YftllftttM S.S, « li«S«S« X 
Pott-
laMttXatioa 
Banlaf 
iftooulattoa 
lso«ttlatioa 
BtpUastLoa 2 
XattxraL 2 
OeaatAtratlaa t 
lattjnral x 
Ooaeaatcatlaa 4 
EXKOg X$ 
uttx ee 
iiapUoatloa 8 
Xatacval C 
Ooaomtiatloa 8 
Xatajrral x 
Ooaaaatxatlaa 4 
SXMX 16 
fatal S6 
RapIiaaUoa 8 
Ia%«;nral 8 
Ooaamttatioa 8 
Zatwiral X 
OMoaatcatloa 4 
Sxmx 14 
774.81 
19ft3«84 
1087.08 
899.74 
4448,04 
3,77 
1505,73 
1185,48 
8044,97 
78,04 
4775,55 
0,78 
1944,89 
494,05 
844,11 
38,45 
944,74 
977,77 
271,74 
54,84 
1,89 
758,07 
541.81 
514,09 
4,88 
0,40 
972,15 
847,08 
811,53 
2,01 
4,90«« 
17,15«« 
17.38** 
4,83»* 
0,3888 
154,27*« 
115,18** 
105,74*» 
0,1^8 
478,89** 
181,48** 
104.20** 
fatal 84 3317,49 
zx 
ARaljrcis of TaciaAOt ilaHU 14) 
T j — 
Ohflil«ail 
• • r la t l s f t X 
d.f. £•5. 
yiiJgaAaa 
ittm 
^aaa^t^ 
B«pUMltiM i 
&£MJr 4 
So««I 
t9%«l 
70««l 
8 
8 
44.477f 
897«8464 
8£*800f 
£8.8390 l « 4 i i 8 
418.8883 88.•4** 
18.5508 
848.5IM8 
S«pU.o«tlea 
2x««li«ft% 
EjTjror 
8 
8 
4 
3.0103 
109.8891 
5.8048 
1.5058 
54.9444 
1.4018 
1.0783 
39.81** 
118.5048 
B«pllo«tiea 
S««»tMa% 
SrJTOf 
8 
8 
4 
81.9789 
503.8834 
51.4348 
10.9895 
851.9317 
18.8585 
0.8588 
19.89** 
577.8785 
JfttUlt RtpUeatloB 
IfB.tmmt 
BcfOC 
8 
8 
4 
81.8389 
548.1641 
39.4154 
10.6165 
871.0881 
9.8589 
1.0988 
87.51«* 
Idtal 8 603.8184 
